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CHAPTER P 
Prerequisites 


Section P.1 Review of Real Numbers and Their Properties 


1. irrational 21. The interval и, co) denotes the set of all real 


numbers greater than or equal to 4; x 2 4. 


-——.T—p——— : 


1 2 3 4 5 6 7 


3. terms 


5. Yes. |3 – 10| = |-7| = 7 and |10 - 3| 2 |7|- 7. 


23. The interval [—5, 2) denotes the set of all real 
7. —9,—1, 5, 2, /3,0,3, -4,2, -M 


53? numbers greater than or equal to —5 and less than 2; 
(a) Natural numbers: 5, 8, 2 —5 < х < 2. 
(b) Whole numbers: 5, 0, 8, 2 "E Rs x 


(c) Integers: —9, 5, 0, 8, -4, 2, -11 


| "— 25. (—=,0];у < 0 
(d) Rational numbers: —9, > 5, =, 0, 8, –4, 2, -11 
—————] + >y 


(e) Irrational numbers: 4/3 


1 27. [10, 22];10 < £ < 22 
9. 2.01, 0.6, -13, 0.010110111..., 1, -6 


t 
(a) Natural numbers: 1 оо 


(b) Whole numbers: 1 29. |-10| = -(-10) = 10 
(c) Integers: —13,1, —6 


(d) Rational numbers: 2.01, 0.6, -13, 1, -6 31. |з Е 8| = |=5] cc) es 


(e) Irrational numbers: 0.010110111... 33. | 1| | 2|-1 = ы 


1. -4»-8 35. 5|-5| = 5(5) = 25 


37. If x < —2, then x + 2 is negative. 


3 2 
13. $53 2 |х+2| -х42)- 
23 ars  x+2 
+ —e-e-— э Х 
0 1 
39. |-4| = |4| because |-4| = 4and |4| = 4. 
15. -5.2 > -8.5 
-85 -52 41. -|-6| < |-6| because |-6| = 6 and 
e + + oi x 
20 =й 27 0446 5 -|-6| = -(6) = -6. 
17. The inequality x < 5 denotes the set of all real 
numbers less than or equal to 5. 43. d(126, 75) = [75 х 126| = 51 
19. The inequality —2 < х < 2 denotes the set of all 5 = si s 
аз. 4 A lo - C3) 2 


real numbers greater than —2 and less than 2. 
47. Receipts: R = $2450.0 billion 


Expenditures: E = $3526.6 billion 
|R - E| =|2450.0 — 3526.6| =|-1076.6| = $1076.6 billion 
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49. 


51. 


53. 


55. 


57. 
59. 
61. 


63. 


Section P.2 Exponents and Radicals 


1. 


3. 


п. 


13. 


Receipts: Ё = $3268.0 billion 
Expenditures: E — $3852.6 billion 


|R — E| =|3268.0 — 3852.6| = |-584.6| = $584.6 billion 


7x +4 


Terms: 7x, 4 


Coefficient: 7 


4x + 0.5х — 5 

Terms: 4x?, 0.5x, —5 
Coefficients: 4, 0.5 
x!-3x42 

(a) (0) – 3(0) +2 =2 


( (-1) – 3(-1) +2 =1434+2=6 


3x 5 x 1 x 
10 6 2 2 4 


False. Because zero is nonnegative but not positive, not 


every nonnegative number is positive. 


The distributive law was used incorrectly. The 5 was 
not distributed to the 3. 


exponent; base 


An expression involving radicals is in simplest form 
when the following conditions are satisfied: 


1. All possible factors have been removed from the 
radical. 


2. All fractions have radical-free denominators. 


3. The index of the radical is reduced. 


. 5.5 = 54 = 625 


. (3) =3% = 729 


5° ged a О. 
5% 52 25 
zy 
гад 
737 14.22.32-00 2 4.4.32 = 16 
2:59.31 3 


65. 


67. 


69. 


71. 


73. 


75. 


77. 


79. 


81. 


15. 


17. 


19. 


21. 


23. 


25. 


27. 


Section Р.2 Exponents and Radicals 3 


5/n increases or decreases without bound. As n 
approaches 0, 5/n increases when n is positive and 
decreases when п is negative. 
6-2-3,8-2-2-2 

(a) Greatest common factor: 2 

(b) Least common multiple: 2: 2: 2-3 = 24 
2723.3.3,3622.2.3.3,54 = 2.3. 3.3 
(a) Greatest common factor: 3-3 = 9 


(b) Least common multiple: 2 -2-3-3-3 = 108 


-(3-3) = -9 
AS) _ 

-5 
4822.2.2.2.322*.3 


79228.9.1122-.2-.2.3.3.1122 . 32.1 


3.785(10,000) — 37,850 


02. = 0.00609 
1000 
342 = 9+8 = 17 


When х = 0.1, 


6x? = 6(0.1 = 6(0.01) = 0.06. 


(5zy = 532° = 1252? 


ON 
< 
N 
== 
N 
№ 
о 
— 
N 
| 
ON 
хо 
N 
== 
N 
— 
= 
1 
ON 
S 
N 
— 
A 
z= 
1 
t2 
D 
БЯ 
N 


| 


= 
з 


2 _ 4 3 _ 64-81 518 
y y y? у уз? y! 
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29. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 


45. 


4T. 


49. 


65. 


67. 


69. 


71. 


Chapter P Prerequisites 


34 
(2х2) = 1 2 = ас 
(2х2) 4х 
x3y* a - 5x3 ; E 125x? 
5 у“ у? 
3". 32^ 7 3n*2n _ 3? Е 43 - бл+2) 
3? . 32 33п+2 33п+2 
1 1 
— 3-2 = — = — 
32 9 
10,250.4 = 1.02504 x 10* 


3.14 x 10^ = 0.000314 


(2.0 x 10? (3.4 x 107) = 6.8 x 105 


8 
60x10 0.10! 
3.0 x 102 
(а) V9 =3 

27 $/27 3 
b) 3/2 = PEL 
(0) 8 is 2 


(a) (2) -25-2-2 
(b) </32x5 = 2x} = 2x 


51. 3 


53. \/72x3 = \/36x2 - 2x 


= 6x \/2x 
182 A8 18 
55. a 2522 
(C 


2 
57. 475537 = || E 


" 25x? .3 
Jy 

_ A Gxy -3 
402) 
x|V3 
y? 


5| 


59. 2-/20х2 + 54/125х2 = 24/4х2-5-54/25х2-5 


- PATER 5+ s (5x)? 5 
= 4|х| 5 + 25|х|/5 
- 29|x | /5 


34/20 .2 + S82 


34|(85) «2 + 3/(2x)° -2 


61. 33/548. + 2/16x3 


/20 = 4/4: 5 = 9x 3/2 + 2x 3/2 
= VANS = WS = 142 
ы Se S 
AB з Мз 3 
CES мла 20591442) 51442) 51442) i2 
J4 -2 n2 m2 (Vi) -Qy 4-4 10 2 
45-43. 543 45-43 5-3 2 
3 3 Vs - Уз 305 - V3) 3(V5 - V3) 
3/64 = 649 dide | MS 
3/5 (932) 2 8 
3H = Э. 
E өү? AV Ja 2 
PES PY 5 Ч zb ЕТ 
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Section P.3 Polynomials and Special Products 5 


77. 4/32 2324 = 392 = x5 87. False. When x = 0, the expressions are not equal. 
Е Т 89. The error is in the third step. 
79. JA/32 = (32) Ae x 
2329 = 4/32 = 416.2 = 24/2 (2) 6 
81. (x – 1). (х - ly? = (x - p^ 2 x -1 PY 
( ул ) ( ) In fact, (2) = (a? = a$, not -а°. 
a 
83. (Ax + 39"? (Ax + 3)? = (4х  3)P/ 6 (Ax + 3) 719% 
1 
ee) eee 91. For a # 0,1= 2 = 2 =a =a". 
4 а а 
Thus, ад = 1. 


85. ( = 0.03 [12% 50: nj" |o <й<12 


93. (а) S = 2lw + 2Ih + 2wh 


h (in centimeters) t (in seconds) 2(5)(3) ДЕ 2(5)(4) + 2(3)(4) 


0 0 = 30 + 40 + 24 = 94 cm? 

1 2.93 (b) V = Iwh = (5)(3)(4) = 60 cm? 

2 5.48 95. (a) S = 2lw + 2Ih + 2wh 

3 7.67 = 2(8.3)(6.2) + 2(8.3)(7.1) + 2(6.2)7.1) 

4 9.53 = 102.92 + 117.86 + 88.04 = 308.82 ft? 

5 11.08 (b) V = lwh = (8.3)(6.2)(7.1) = 365.366 ft? 

6 1232 97. (a) When x = 2, 

: mee (x + 4(х = 4) = (2+ 42 - 4) = 6(-2) = -12. 
8 14.00 (b) When x = -3, 

9 14.50 (x + 4)(х – 4) = (-3 + 4)(-3 - 4) = (77) = -7. 
10 14.80 99. 2x 3 

11 14.93 Terms: 2x, — 3 

12 14.96 Coefficient: 2 


Section P.3 Polynomials and Special Products 


1. m ay; do 7. (a) Standard form: E + 14x 
3. Yes, it is possible for a binomial and a trinomial to (b) Degree: 5 
have the same degree. For example, х? + 1 and Leading coefficient: -4 


x? + x + 5 have the same degree, 3. (c) Binomial 


5. (a) Standard form: 7x 


(b) Degree: 1 
Leading coefficient: 7 


9. (a) Standard form: —4x° + 6x^ + 1 


(b) Degree: 5 
Leading coefficient: —4 


(c) Monomial (c) Trinomial 


11. 2x — 3x? + 8 is a polynomial. 


Standard form: —3x? + 2x + 8 
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13. 


15. 


21. 


23. 


25. 


33. 


35. 


37. 


39. 


41. 


43. 


45. 


Chapter Р Prerequisites 


эх duet ec sede ia not a polynomial 
x 


x 
because it includes a term with a negative exponent. 


y * y + y) is a polynomial. 


Standard form: —y^ + y? + y? 


17. (6x + 5) – (8x + 15) = 6x + 5 – 8x — 15 


(6x — 8x) + (5 – 15) 
= -2x -10 


19. (4y? -3) + (-7y? + 9) = 4 -3- 7у +9 


(15x? 6) + ( 8.39 — 14.7x? 17) = 15x? 6 – 8.3x° – 14.7х2 -17 


(4)? - 7y?) + (-3 + 9) 


-3y? + 6 


= -8.3x3 + (15x? — 14.732) + (-6 – 17) 


= —8.3х? + 03x? - 23 


5z — [3z - (102 + 8)] = 5z – (3z – 102—8) 
= 52 – 3z +102 + 8 
= (52 – 3z + 102) + 8 
= 122+ 8 


3x(x? 2x 4 1) = зх(57) + 3x( 2x) + 3x(1) 


= 3x? — 6x? + 3x 


(x? - x + 2)(x? + x + 1) 
х2- х-2 
xx + x41 
x*- x3 + 2x? 
x- x? + 2x 
x!- x42 


x* + Ox? + 2x? х+2=х%+2х? +242 
(x + 10)(x — 10) -x?-10 = x? – 100 
(x + 2y)(x — 2y) = x? (yy =x — 4y 


(2x + 3)? = Qxy + 2(2x)(3) + 3? 


= 4х2 +12х +9 
(43 - 3j = (49) - 2(%\\(з) + (з) 
= l6x$ — 24 +9 


(x 3) = х? + 3(х) (3) + 3(х)(3) + 3° 
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31. 


49. 


55. 


2 —52(32 = 1) = —5z(3z) + (-5:1-1) 


= —152? + 52 


. (152 + 5)(—3) = (1.5 )(-3£) + (51-3) 


—4.5P – 15t 


(3x — 5)(2x + 1) = 6x? + 3x – 10x —5 


= 6x? — 7x — 5 


(2x - у) = (2х) - 393)» + 3(2x)y? - у? 


= &Ó — 12х?у + бху? — y) 


(Lx = 3)(br +3) = (Lx) - GY 
= 4x -9 
(8-5) = (6) -205)5) + C97 


тас Ty sy 
= 76% УХ + 25 


à [x-3 + yf -(х-3/ + 2у(х – 3) + у? 


(3y 


= x? — 6x + 9 + 2xy – бу + y? 
= х2 + Ixy + y? — 6x —6y +9 


6x)(-3y — бх) = -(3y — 6x)(3y + бх) 
= -[Gyy - 6x] 
= -9y! + 36x? 


or posted to a publicly accessible website, in whole or in part. 


Section P.3 Polynomials and Special Products 7 


57. [(m - 3) + n[(m - 3) - n] = (m - з)” - (ay. 59. (и + 2)(и - 2)(u? + 4) = (u? - 4)(u? + 4) 
=m – бт +9 – п? = u^ – 16 


= m? — п? – бт + 9 


61. (-38 + x? + 9) (4x? 5) = 3x3 + х2 +9 - 47? +5 


= -3x3 + (x? — 4x7) + (9 + 5) 


2-3 — 3x? +14 
63. (y? + 3у - S(? - бу + 4) 65. (Vx + Jy x - Jy) = (Vz) - (Vy) 
у? +3y-5 =x-y 
ху Oy *4 2 2 
yt +3у3 — 5у? 67. (x - Jy) = х2 – 2x y + (Vy) 
65? — 18y? + 30y =x? — 2x y + у 


+ 4y? +12y - 20 


y Зу? – 19у? + 42y - 20 


69. (a) The possible gene combinations of an offspring with albino coloring is > or 25%. 


(b) (0.5N + 0.5a) = (0.5%)? + 2(0.5N)(0.5a) + (0.5a)* 
= 025N? + 0.5Na + 0.25a? 


(c) The probability of an offspring with albino coloring is represented by the coefficient of the a? term, 
which is 0.25, or 25%. 


71. Area of shaded region = Area of outer triangle — Area of inner triangle 


A = 4(9x)(12x) – $(6x)(8x) 
= 54x? — 24x? 
= 30x? 


73. (а) V=l-w-h 

= (26 — 2x18 — 2x)(x) 

= x3 - x)(2)(9 - xy») 

= Ax(-1)(x - 13) -1)(x — 9) 
4x(x — 13)(x — 9) 
= 4x! — 88x? + 468x 


ur 3 2 = 3 
(b) When x = ЕУ = 4(1) 88(1) + 468(1) = 384 ст x (cm) 1 2 3 


When x = 2: V = 4(2) — 88(2) + 468(2) = 616 ст? V (стз) | 384 | 616 | 720 


When x = X V = 4(3) — 88(3)° + 468(3) = 720 cm? 
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8 Chapter P Prerequisites 


75. (a) Approximations will vary. Actual safe loads for x = 12: 


2 
5, = [0.06(12)? — 2.42(12) + 38.71] = 335.2561 (using a calculator) 


2 
$, = [0.08(12)° – 3.30012) + 51.93] = 568.8225 (using a calculator) 


Difference in safe loads = 568.8225 — 335.2561 = 233.5664 pounds 


(b) The difference in safe loads decreases in magnitude as the span increases. 


77. False. (4x° + 1 (3х +1) = 12x? + 4x? + 3х +1 81. Because x"x" = x"*", the degree of the product is 


m +n. 


79. False. (4x + 3) + (4x + 6 = 4x +3 – 4x +6 


83. The middle term was omitted when squaring the 
=3 +6 


binomial. 

8: (x - 3)" = (0)? - 2090) + GJ 
=x -6x+9 
+x +9 

85. Let p(x) be the unknown polynomial. Then 
р(х) – (2x – 1) = 5x? + 8 
p(x) = (5x? + 8) + (2х – 1) = 5x? + 2x +7. 
2 10 10 
87. V3(V3) = (V3) =3 93. x =x 
520 220200 
89. -As( 5) Е -(-15 = -15 qi m ОО 510 


The greatest common factor is x!°. 


91. 2x7 =2-x-x 95. (3x) - э(2) = 27у 


X —X-:X-xX 


dx dog 97. rarer FO edge 


The greatest common factor is x. Multiplicative Inverse Property 


99. x(3y) = (x-3)y Associative Property of Multiplication 
= (3x)y Commutative Property of Multiplication 


101. x232 + 3x – 1) 228 + 3x? – x 
Distributive Property 


Section P.4 Factoring Polynomials 


1. factoring 9. х2 - 81 = х? – 9? 


3. A polynomial is completely factored when each of its (x + 9)(x - 9) 


factors are prime. 
П. 25y? - 4 = (Sy) - 22 = (5y + 2)(5у - 2) 
5. 28 — бх = 2x(x? = 3) 


13. 64 – 92? = 8? — (3z) = (8 + 3z)(8 — 32) 
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15. 


17. 


19. 


21. 


23. 


25. 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


41. 


43. 


45. 


67. 


(req ed epe eor 
= [(х - 1) + 2] - 1) - 2] 
= (x + 1)(х - 3) 


8ш* — 1 = (9и? + 1)(9u? — 1) 
= (9u? + 1)Gu + 0(3и – 1) 


X — 4x44 = x! — 2(2)x + 2? = (x - 2) 


257? — 302 + 9 = (5z) — 2(5z)(3) + 3? = (5z - 3) 


4y? — 12у +9 = (2у) - 2(2y\(3) + (3) 
= (2y - 3) 
xX -8 = xX — 23 = (x — 2)(x? + 2x + 4) 
8? -1- Qr) - P = (2t - 1)(42 2t 1) 
27€ +8 = (3x) +23 = 
x +x—2 = (х + 2)(х – 1) 
s? = 5s +6 = (s - 3)(5 - 2) 
3x? + 10x — 8 = (3х — 2)(x + 4) 


5x? + 3lx +6 = (5х + 1)(x + 6) 


oo 
M 

A 

Il 


-(5y - 2)(» + 2) 


xX =x + 2x2 = (х - 1) + 2(x - 1) 


= (x - p? + 2) 


2x! - x! - 6x +3 = x'(2x — 1) - 3(2x – 1) 


= (2x - 1)(x? - 3) 


6 + 2x - 333 — xt = 2(3 + x) - x* 8 + x) 


= (3 + x)(2 - xj 


(3x + 2)(9x? — 6x + 4) 


47. 


49. 


51. 


53. 


55. 


57. 


59. 


61. 


63. 


65. 


2(x 2)(x + 3(x 2) (x + 1) = (x = 2)(x 4 
= (x 2)(x 1)[2x F2 
- (x = 2)(x + 1)(-x + 8) 
= (x 2) x4 1)(x 8) 


Section P.4 Factoring Polynomials 9 


3x° + 6x3 — 2x2 —4 = sex + 2) = 2(х? + 2) 


= (3x - 2)(x? +2) 


a-c = (2)(9) = 18. Rewrite the middle term, 
9x = бх + 3x, because (6)(3) = 18 and 6+ 3 = 9. 


= 2x7 + 6x + 3х + 9 
= 2x(x + 3) + 3(x + 3) 
= (x + 3)(2x + 3) 


2x? +9x +9 


a-c = (6)(-15) = —90. Rewrite the middle term, 


=x = —10х + 9x, because (-10)(9) = —90 and 
-10+9=-1. 
6x? — x -15 = 6x? — 10x + 9x - 15 

= 2x(3x — 5) + 3(3x — 5) 

= (2x + 3)(3x — 5) 


6x? — 54 = e? — 9) = 6(x + 3)(x – 3) 
х?(х = 1) 
1- 4х + Ax? = (1- 2х) 


2x? + 4x — 2x3 = 


2x( х-2 + х?) 
= -2x(x? -Х- 2) 


- -2x(x + 1)(x - 2) 


[ + 3) + 4x | (x? + 3) - ах | 


= (x + 4х + 3)(x? —4x + 3) 


(x? +3) -16x = 


= (х + 3)(х + 1)(х - 3)(x - 1) 


2x! + x! — 8x - 4 = x* Qx + 1) - 4(2х + 1) 


- 1)(x? - 4) 
- Mx + 2)(x - 2) 


= (2x 


( 
= (2х 


2x(3x + 1) + (3x +1) = (зх [2x + (3x + 1)]| 
= (3x + 1)(5x + 1) 
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10 Chapter P Prerequisites 


69. 5(2х 41) (х + 1 + (2x + I(x +1) = (2x + 1)(x + 1) [502 + 1) + (x  1)] 


= (2x + (x +1) (10x +5 +x +1) 


= (2x + 1)(x + 1) (11x + 6) 


т. 16x? - 1 = (ax - (4) 77. x? 3x + 2 = (x + 2x +1) 


m 


11| 2 : 


1<{ 


73. z +2 + 1 = г? + 2(z)(4) + Br 


75. у + 8. = уз + (2) 


79. V = zR^h — лт?Һ 
= zh(R? – r°) 
= zh(R + РК - r) 
Let w = thickness of the shell and let. p = average radius of the shell. 


R r 


1 1 
So, R = p+ —wand r = p — —w 
2 2 d 2 


ч 
ll 


mh(R + r\(R - r) 


о (ВДА 


2zpwh 
2л (average radius)(thickness of shell) Л 


ll 


ll 


ll 


81. For x? + bx — 15to be factorable, b must equal m + n where mn = -15. 


Factors of —15 | Sum of factors 
(15)(-1) 15 + (-1) -14 
(-15)(1) -15+1=-14 
(3)(-5) "EE 
(-3)(5) 3+5=2 
The possible b-values are 14, —14, —2, and 2. 
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83. For 2x? + 5x + c to be factorable, the factors of 2c must add up to 5. 


Section P.5 Rational Expressions 11 


Possible c-values 2c Factors of 2c that add up to 5 

2 4 (D(4) = 4 and1+4=5 

3 6 (2)(3) = 6 and 2 +3 = 5 

-3 —6 (6)(—1) = —6 and 6 + (-l) = 5 
-] -14 (7(-2) = -14 and 7 + (-2) = 5 
-12 —24 (8)(-3) = -24 and 8 + (-3) = 5 


These are a few possible c-values. There are many correct answers. 


Ife = 2: 2x! + 5x + 2 = (2x + 1)(х + 2) 


Ifc = 3: 2x? + Sx +3 = (2х + 3)(х + 1) 


Ifc = -3: 2x) + 5x -3 = 


( 
(2x - (x + 3) 
( 


Ife = -7: 2x! + 5x - 7 = (2x + T)(x - 1) 


Ifc =-12: 2x? + 5x -12 = (2x - 3)(x + 4) 


85. True. а? — b? = (а + b)(a – b) 


87. No, (3x – 6)(x + 1) is not completely factored 


because (3x — 6) = 3(x — 2). 


So, the completely factored form is 3(x — 2)(x + 1). 


89. 3 should be factored out of both binomials to yield 


(3x " 6)(3х 9) = 3(x 2)(3)(х 


3) 


= 9(х + 2)(x – 3). 
91 4x 5x 6(4х) – 5(5x) 24х-25х х 
`5 6 5(6) 30 30 


Section P.5 Rational Expressions 


1. rational expression 


3. equivalent 


5. A rational expression is in simplest form when its 
numerator and denominator have no common factors 


aside from +1. 


7. The domain of 3x? — 4x + 7 is the set of all real 


numbers. 


9. The domain of 


3-х 
such that х z 3. 


is the set of all real numbers x 


93. 


95. 


97. 


99. 


11. 


13. 


15. 


х+1 141 
х-1 1-1 


(a) Whenx- 1, = : . Division by 0 


is undefined. 
ХОЖИЖ... 
х-1 -1-1 


(b) When x =-1, 


The least common multiple is x^. 


The least common multiple is x(x + 1)(x — 1). 


x+6 


The domain of is the set of all real numbers x 
3x + 2 


such that х z E 


An – 2)(х – 3 
The domain of L 8200 = (x Xe ) is the 
x^-6x*8 (x +4)(x + 2) 


set of all real numbers x such that x z —4, —2. 


The domain of ~/x — 7 is the set of all real numbers x 
such that x 2 7. 
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12 Chapter Р Prerequisites 


2 29 = = 
17. The domain of : is the set of all real numbers x 27. шог. - CIDR 1) 22 E 5 
Vx -3 x? + 8x + 15 (x + 5)(x + 3) x+3 
such that x > 3. 
^ 29 x)-x-2 = х2 -х- 2 
yo, 15:2 5505) _ 3х M 10-32 -àx + 3x — 10) 
10х 5x(2) 2 
(x + 1)(х - 2) х +1 
= X22 
x5 a. —(x + 5)(x - 2) x+5 
21. = 
10-2x | -2(x- 5) 
i 31 x? — 16 = x? — 16 
ийг "xx cx -16x-16 х(х41)-16(х 41) 
x? —16 
i ede CMB аи) О) (x + 1)(x? - 16) 
yt4 yt4 1 
=y-4y#-4 ee oe 
2 3y(3y + 2 = 
js OX t9» _ у(3у NOU 2 € o 1 ТЭМ 
12y +8 4(3y + 2) 4 3 x-1 25x-2) 5(x - 2) 
35 x!-4. 2-х  x'-4 2x+4 
10. 2x4 12 2-3 
_ (x + 2) (x - 2) 2(x + 2) 
12 -(x = 2) 
2 
a lee Ie vanas 
6 
37 4у-16 4-y _4y-16 2y*6 4-4) 2(y + 3) 
| Sy +15 2y £6 5у415 4-у 5у+3) (-)(у – 4) 
8 8 
= = ‚у + —3, 4 
—5 с) 
2 NES 2 = 2 
39, X r% 223 = x е Ee y). 2 = 2% жээ 2у 
х? + xy x? + 3xy + 2y x^(x + y) (х + 2y)(x + y) x(x + y) 
д1, ^ 1 х-4 х-1-(х-4) 
x+2 х-2 x+2 
-х-1-х44 
x+2 
59. 
“xy +2 
43. 1 E 276 (1)(x + 1) К x(3x + 2) 


3x+2 х-1 (3x + 2)(x + 1) (3x + 2)(x + 1) 


x +14 3х2 + 2x 
(3x + 2)(x + 1) 


3x? + 3x +1 
(3x + 2)(x + 1) 
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Section P.6 The Rectangular Coordinate System and Graphs 13 


45 3 ray 3 x 
`2х+4 x2 Axt2) х+2 
А 3 2х 
2(x +2) 2(x + 2) 
_ 3-2x 
2(x + 2) 
4 1 x " 1 x 
"33 -x-2 x-5x46 (x — 2)(x + 1) (x — 2)(x - 3) 
(х= 3) — x(x + 1) _ x-3-xl-x 
(x + I(x — 2)(х – 3) (х41(х-21х-3) 
-x -3 x?43 


(x + 1)(x - 2)(x — 3) (x + D(x - 2)(x — 3) 


Ed EX Li, 


- - = х #2 
x - 2) х-2 2 *-—2. 2 с 
1 
TN | 
+1) 2 1)? 
53. LG — 2 хаан? x(x + 1), х + -10 
x (x + 1) x 
L(x +1) 
1 1 
So) (е 
25 2.67 24/х) OR ан 220 
` Ах Jx 2 / x 2x 
= = х? + х2 +3 
s. (243 + (x2 +3) = (2 +з |а + (2 +з) = | 3 
(x? + 3) 
Bin 95 
59. 2x (s - 1)? = s(x - y = (x - 1) |22(-1/-5|- = 
(x - 1) 
ys _ „—2/3 ys _ „—2/3 2/3 1 _ 0 _ 
61. 2* x _ 3x x Qr. Әй x 3x 1 250 


3х729 3х729 | х?З 3х° 3 
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14 Chapter P Prerequisites 


h h “x(x + А) 
шат (x + А) 
hx(x + h) 
_ -h 
E hx(x + h) 
1 
TET ie 


1 1 1 1 
65 TEE 24 Error s rend 
| h h (x — 4)(x +h — 4) 
_ (x-4)-(x +h -4) 
h(x — 4)(x + h — 4) 
-h 
h(x — 4)(x + h - 4) 
1 


аваа 


67. Мх +2 - Ух Xxt2-4x Vx 2 Ix 


2 2 Мх + 2 +x 
Ё (x-2)-x 
Ix +2 + Vx) 
1 
v ABS ee 
à М +3 —-/3 _ Vt+3-V3 47043443 
` t t aft. 34 А/З 
DESEE 
(Vi +3 + V3) 
* t 
(At +3 + V3) 


1 
= _______,1 #0 
JEES +3 


Vxth+1-VJx+1_ Vxth+1-Vxt+1 Vath 
1 h h Vx + № 
2o (x*hl)-(x +1) 
Ц.Ух h+1 Ух 1 
h 
Ц.Ух h4l x 1) 
1 
gcc EN ЫГ 


4. 
= 
EN 


71 


Ух 


= 
= 


h#0 
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Section P.6 The Rectangular Coordinate System and Graphs 15 


2 
"T {Ж егез) 


2 +4 10 


t | 0 2 4 6 8 10 12 14 16 18 20 22 


Т | 75° | 55.9° | 48.3° | 45° | 43.3° | 42.39 | 41.7° | 41.3° | 41.1° | 40.9° | 40.7? | 40.6? 


T is approaching 40°. 
2 
75. Probability = Phadedama — 3042) . м2 2. — x — 1g 
Total area x(2x +1) 2541 2 2(2x +1) 
“== E » Е“ 525 - 2d 2(31,500 — 28,000) 2(3500) 
N 60 2(700 
Hg NM) 60-525) — NOE MN 2 T" 2625 | = i 7 ш ям 
[> $ nd (28000 + e 28,000 + == 5000515675 130025 -30,625 
24(NM - P) 
d N 24(NM — P) 12 288(MN — P) 
нэ - | 2 
12Р + NM N I2P + NM N(12P + MN) 
12 


288(525 - 60 — 28,000) _ 288(31,500 — 28,000) _ 288(3500) 1,008,000 


= = 457% 
60(12 - 28,000 + 525 - 60) 60(336,000 + 31,500) 60(367,500) — 22,050,000 


79. False. In order for the simplified expression to be equivalent to the original expression, the domain of the simplified expression 
needs to be restricted. If n is even, x # +1. If n isodd, x # 1. 


81. 
x 0 1 2 3 4 5 6 
х-3 1 Undef 1 1 1 
ndef.| — | = | = 
x!-x-6 2 3 4 6 7 8 
1 1 1 1 1 
x+2 2 3 4 5 6 7 8 


The expressions are not equivalent at x = 3. 


83. When simplifying fractions, only common factors can 87. d(x, 5) = |x Е 5| and d(x, 5) < 3, so |x - 5| « 3. 
be divided out, not terms. 
85. (а) —— ~ o> x 89. (v 605) = 605 
-2 -1 0 12 3 4 
7 
(b) es es 91. /25 + 20 = V45 = 9-5 = 34/5 
-1 0 1 2 з 4 5 
(с) Ч 93. Because 20? + 21? = 841 = 29”, the triangle is a 
с + +—+-—_+—_+- x 
24372 0 1 right triangle. 
-52 
(d) + +—®+ + ]-»- x 


Section P.6 The Rectangular Coordinate System and Graphs 


1. Cartesian 4. The y-axis is the vertical real number line. 


Matches (f). 
3. The x-axis is the horizontal real number line. 


Matches (c). 5. The origin is the point of intersection of the vertical 
and horizontal axes. 
Matches (a). 
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16 


11. 


13. 


15. 


17. 


19. 


21. 


23. 


25. 


Chapter P Prerequisites 


. The quadrants are four regions of the coordinate plane. 


Matches (d). 


. Àn x-coordinate is the directed distance from the y- 


axis. Matches (e). 


. A y-coordinate is the directed distance from the x-axis. 


Matches (b). 


A: (2, 6), B: (-6, -2), C: (4, –4), D: (-3,2) 


8 
6 
ES ? 
c62 47 90.4 
P 2 
(-4.0) 
e= >x 
-8 -6 -4 -2 | 204 6 8 
„®-—) 
СТ (15, —3.5) 
-64- 
(-1,-8)0- 
(73.4) 
x > 0 and y « 0 in Quadrant IV. 


x 


= –4апа y > 0 in Quadrant II. 


x+y = 0, х # 0, y + 0 means 


x 


Number of stores 


= —yor y = —x. This occurs in Quadrant П or IV. 
У 
16,000 
е 
15,000 e 
14.000 
13,000 ы 
12,000 е s 
11,000 е 
е 
10,000 
ашаа 
2012 2013 2014 2015 2016 2017 2018 
Year 
= JG -= x) ш (22 = yy 
= J6 - C3 + (6-6) 
= JGY + C12) 
= 4/25 + 144 
= 13 units 
= X) — x) + (ys = yy 


= 36-425 


= \/61 units 


units 


29. (a) (1,0), (13, 5) 


31. 


33. 


Distance = (13 - 1 + (5 - 0)’ 

= V12 +5? = 169 = 13 
(13, 5), (13, 0) 
Distance = |5 - 0| =|5| = 5 


(1, 0), (13, 0) 


Distance =|1 13| =| 12| = 12 


(b) 52 +12? = 25 + 144 = 169 = 13? 


а = J(4-2y + (0-1) = 
4, = (а 1! + (0 + 5) = 
di = QM «(sy = V9 +36 = V45 
(5) + (i8) = (V9) 


d, = Ju -3y + (3 - 2f = J4«25 = 4/29 
domes aed = 4/25 +4 = /29 
d; = (1+ 2) «(C3 4) = J9 + 49 = 4/58 
d, = d, 
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Section P.6 The Rectangular Coordinate System and Graphs 17 


35. (a) ^? 


(b d = /(5- (-3)) + (6 – 6) = V64 = 8 


6+6 5 + (-3) 
(c) (525 ES - (6.1) 
37. (a) 1 

2+ 

104 

8 (9,7) 

. 

6 27 

4- га 

: e.) 

=2 3 4 6 8 D 


39. (a) 1 


= 36 +4 = 24/10 
-1+5 2+4)\)_ 
о ( ťa ЫЕ 


41. 


43. 


45. 


47. 


49. 


51. 


53. 


55. 


(a) A 
20+ 
(716.8, 12.3) 151 
77... 10 
sT ~- 
(5.6, 4.9) 
+ і t 1 > x 
-20 -15 -10 -5 5 
cT 


(b d = KK 16.8 — 5.6)? + (12:3 - 49) 
= 4/501.76 + 54.76 = 4556.52 
-16.8 + 5.6 12.3 + 4.9 
(c) 


, | = (—5.6, 8.6) 


2 2 


d = \/(42 - 18). + (50 – 12)’ 
= \/24? + 382 
= 4/2020 

24/505 


= 45 


The pass is about 45 yards. 


midpoint = Е T 223 » t z) 
2 2 


Ш es + 2018 485.9 + шин 


? 


2 2 
= (2017, 500.15) 


In 2017, the sales were about $500.15 billion. 
(-2 42, -4 + 5) = (0, 1) 

(2+2, -3+5) = (4, 2) 

(-1+ 2, -14 5) = (1,4) 


(-7 + 4, -2 + 8) = (-3, 6) 
(-2 + 4,2 + 8) = (2,10) 
(-2 + 4,-4 + 8) = (2, 4) 
(-7 + 4,-4 + 8) = (33,4) 
True. Because x < бапа у > 0, 2x < бапа 


—3y < 0, which is located in Quadrant III. 


True. Two sides of the triangle have lengths </ 149 and 
the third side has a length of 48. 


The y-coordinate of a point on the x-axis is 0. The 
x-coordinates of a point on the y-axis is 0. 
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Xp + Ха 


57. Because x, = л and y, = we have: 
2x, = Xp х, 2¥m = у + Ya 
2x, — xX = Хд 2уһ = = Na 
So, (x, y3) = (2x,, - Хү, 2уһ ны n). 


59. Use the Midpoint Formula to prove the diagonals of the 
parallelogram bisect each other. 


bt+act+0)_fa+be 
= x) E) 
а-540с-40) (acbc 
| 27 +2) (= 5) 


First Set 


d(4,C) = (2 - 6 + (a - 3) = M16 = 4 


Because 3? + 4? = 5?, 4, B, and C are the 
vertices of a right triangle. 
Second Set 


d(A, B) = 48 - 5) + (3 – 2) --Л0 
d(B, C) = 46 -2y -(2-1y = V10 
d(A, C) - NIS -2y «(8-1y = J40 


A, B, and C are the vertices of an isosceles triangle 
or are collinear: Ло + Ло = 24/10 5 4/40. 


71. (a) P = Ё— С = 135x — (93x + 35,000) = 42x — 35,000 


(b) P = 42(5000) — 35,000 = $175,000 
Review Exercises for Chapter P 


1. {I 1, -14, -8, 


‚ V6, 0.4] 


(a) Natural numbers: 11 
(b) Whole numbers: 11 
(c) Integers: 11, –14 


3 
2 


d) Rational numbers: 11, —14, —8, 5, 0.4 
( 9 2 


(e) Irrational numbers: J6 


5. x = 6 denotes the set of all real numbers greater 
than or equal to 6. 


63. 


67. 


69. 


. (a) When x 


(b) y 
A 
84 
6 e. 
4 
e. e. 
24 
J——————1———- x 
-2 2 4 6 8 
-24 


First set: Not collinear 
Second set: Collinear. 


(c) A set of three points is collinear when the sum of 
two distances among the points is exactly equal to 
the third distance. 


4x — 6 
(a) 4(-1)-62-4-6- -10 


(b 40)-6-0-6--6 


-3, 2x3 = 2(-3)’ = 2(-27) = -54. 


(b) When x = 0, 2x? = 2(0) = 0. 


. The interval [-3, 4) denotes the set of all real numbers 


greater than or equal to —3 and less than 4; 
-3 < х < 4. 


9. [5| 2 5 

11. |8 - 23| = |-15| = 15 

13. -9| - |-9| = -9 - 9 = -18 

15. 4(-74, 48) = |48 - (-74)| = 122 
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17. 


19. 


21. 


23. 


25. 


27. 


29. 


49. 


51. 


53. 


55. 


57. 


59. 


61. 


71. 


73. 


Review Exercises for Chapter P 19 
12x —- 7 x» x. 12x..35x . 47x 
31. = + E - 
(a 12(0) -7 --7 5 12 60 60 60 
(b) 12(-1) - 7 = -19 3 3x 5 x 1. 
"30. 3 2 1 2 
-x +x-1 А 
35. 3x?(Ax)| = 3х2(64х°) = 192x"! 
(a) -( 41-121 кен, х 
(Ы) -1° + (-1) -1 = -3 Ajeet 2248 220 
10y 2 2 
0+ (а - 5) =a-5 
ы, 3 = — 3 
Illustrates the Additive Identity Property teras) d 
t | 0 
2x + (3x — 10) = (2x + 3x) – 10 4i. @›) _ u 
Illustrates the Associative Property of Addition У У 
2 = 2 2 
(?+1)+3=3+( +1) 8. “= а? 
Illustrates the Commutative Property of Addition 
2,,3,,-3 3-1-2),-3-1 5 
-6+6=0 TRU OMNE ANNA y^. 34 
12u?v 12 у“ 
(80-4) = 32 - oe 
ee -4 
47. ; = (5a) (5a) 3 i 
(5a) (5a) 625a 
(x+ у) = 1 - Ыы 1 = 1 um 1 ze y т y 
Xe ae x lo хул! ху+1 ху+1 
У у у У 
274,400,000 = 2.744 x 108 63. 12x? + V3x = V4x? · 3x + V3x 
8 = 2х\/3х + А/ЗХ 
4.84 х 10° = 484,000,000 
= (2x + D 3x 
2 
Su = (3/27) 248) 29 
[en eo 65. J/&? + 2x = 2х-/2х + /2х = (2x + 1)V2x 
508: 2 JE - 4 67. These are not like terms. Radicals cannot be combined 
125 5° 5 by addition or subtraction unless the index and the 
radicand are the same. 
3 3 
ime) = (Ve) = (6° = 216 
| | ©) а з 3з з 33 X5 
аЗ 4/3 уз 43) 4 
[2x3 2x3 x 
3 2203 - 3/2 
27 ү 33 3 d 
1 1 24 43 24 43 2+3 2-443 
: ! : ЭХ - 22-43 
2-43 2-43 2445 2 - (3) 4-3 1 
2 
Jud ТЭ ТЭГ VT E. 7-1 _— 6 _ 3 
2 2. 47-1 2/У7-1) 207-10) x/7-) м7-1 
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75. 


77. 


79. 


81. 


83. 


95. 


97. 


99. 


101. 


103. 


105. 


107. 


109. 


121. 


123. 


Chapter P Prerequisites 


192 = 16 = (16) — (4)? = 64 85. 2х(х? = 5x + 6) = (2х)(х°) + (2x)(-5x) + (2x)(6) 
= 23) – 10x? + 12x 
(ex?) - бх? 
= 87. (3x — 6)(5x + 1) = 15x? + 3x – 30x – 6 
= 15x? — 27x - 6 
Standard form: -11x? + 3 
Degree: 2 89. (6x + 5)(6x — 5) = (6х)? — 5? = 36x? — 25 


Leading coefficient: —1 1 
91. (2x = 3 = (25)? - x3) +2 
Standard form: -12x? — 4 


= 4х2 – 12х +9 
"Рергее: 2 
Leading coefficient: —12 93. x? + x + 
(30° + 2x) + (1 -= 5x) = 302 - 2x + 1 - 5x CE o 0 
2x? 2x 10 
--3x)? - 7х +1 73 7х? 35х 


х* бх? 4x? 37x 10 


2500(1 + r)? = 2500(r + 1) = 2500(r? + 2r + 1) = 2500r? + 5000r + 2500 


Area = (x + 12)(x + 16) 
= x? + 16x + 12x + 192 


111. The domain of 


: is the set of all real numbers х 
x+1 


such that x + —1. 


= x^ + 28x + 192 square feet 


113. The domain of Vx + 2 is the set of all real numbers х 


х= x(x" Е 1 = x(x P De Е 1) such that x 2 —2. 


25x? — 49 = (5x – 7 = (5x + 7)(5х – 7) 2-68 (х 8000-8) x-8 1. 0, 
; = = DU 
Sx +24)  5-3(x-8) 15 
x — 64 = х? — 4 = (x — 4)(x? + 4x + 16) 
119. 2 + zt 322 + 9 
2x? + 21x + 10 = (2х + х + 10) x-4 x -16 х-4 (х + 4) 4) 
2x +4) + 6 
X = x? – 12x = x(x? — x 12) = x(x - 4)(х + 3) (x Ax а) 
x ox!-2x-2 = (x + 1) – 2x +1) 2x + 8 +6 
4x — 4 
= (x + D? - 2) (x + 4)(x - 4) 
2x + 14 
(х + 4)(х – 4) 
За За 
а? А а? -x 
х " x _ За x X _ 3ax? a da 
(2-1) (=) 1 d-x а-х (a? - x)(a - x) 
x 
1 1 x — (x + 6) 
2(x+ h) 2x 2x(x + h) -h 1 -1 he 
h h 2x(x +h) h  2x(x + h) 
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125. 1 


127. x > 0 and y = —2 in Quadrant IV. 


129. (a) y 
A 


П 
ES 

! 
N 
N 
a 


(b) dentai « (8 5) -416-9-5 


-3+1 8-5 13 
Midpoint: , = |—1, 
(с) Midpoin | = : | | | 


137. False, (a + by = а? + 2ар + 0? ж а? +b? 


Problem Solving for Chapter Р 


131. (a) › 


A 
(0, 8.2) 
* 


\ 
` (5.6, 0) 

+ Ї H e: 
-2 2 4 6 


(b) d = J/(5.6 – 0)? + (0 – 82) 
= \/31.36 + 67.24 = /98.6 


(c) Midpoint: (° = Re J = (2.8, 4.1) 
133. (4 - 4,8 - 8) = (0, 0) 

(6 — 4,8 – 8) = (2, 0) 

(4 - 4,3 - 8) = (0, -5) 

(6 - 4,3-8) = (2, -5) 
135. Midpoint = Е Eds Jit z) 

2 2 
Е (2 + 2018 1802+ ын 
2 i 9 


= (2017, 1823) 


There were 1823 stores in 2017. 


There is also a cross-product term when a binomial sum is squared. 


Problem Solving for Chapter P 
1. (a) Men’s 
Maximum Volume: 
V= Enfes) = 1,150,347 mm? 
Minimum Volume: 
V = 2765) = 696,910 mm? 


Women’s 


Maximum Volume: 


V = tass) = 696,910 mm? 
Minimum Volume: 


3 
y - 842) = 448921 mm? 


(b) Men's 

Maximum density: 
726 1.04 x 103 kg/mm? 

696,910 
Minimum density: 
батан kg/mm? 
1,150,347 
Women’s 


Maximum density: 
4.00 
448,921 


= 8.91 x 10° kg/mm? 


Minimum density: 
4.00 


696,910 


= 5.74 x 10% kg/mm? 


21 


(c) No. The weight would be different. Cork is much 
lighter than iron so it would have a much smaller 


density. 
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22 Chapter Р Prerequisites 


3. To say that a number has п significant digits means that the number has n digits with the leftmost non-zero digit and ending 
with the rightmost non-zero digit. For example; 28,000, 1.400, 0.00079 each have two significant digits. 


5. Answers will vary depending on how leap years are handled. One method is to assume that each year has 365.25 days. 
The number of beats in a year would be 


365.25 985 | 24 hours [so таш (ло bedis ) = 36,817,200 beats per year. 
year day hour minute 


For a man’s average life, there would be (76.1)(36,817,200) = 2,801,788,920 beats. 
For a woman’s average life, there would be (81.1)(36,817,200) = 2,985,874,920 beats. 


1/4 
7. r =1- (225) = 0.280 or 28% 
12,000 


9. Volume: V = lwh 
2x3 + x! - 8x — 4 = Iw(2x + 1) 


2x +x -8x-4 _ 


lw 
2x +1 
2 = 
х2(2х + 1) – 4(2x + 1) a 
2x +1 
(x - 4)(2x + 1) 
2x +1 


lw = x? — 4 = (x + 2)(x - 2) 
Let? = x+ 2andw = x - 2. 
Surface Area: S = 2/ + 2Ih + 2wh 
- 2(Iw + lh + wh) 
= 2[(х + 2)(x - 2) + (x + 2)(2x + 1) + (х - 2)2x + 1)] 


2x? - 4 + 2x? + 5x +2 + 2x? - 3x - 2] 


2| 5x? + 2x - 4] 
10x? + 4x - 8 


When x = 6 inches: S = 10(6) + 4(6) — 8 = 376 cubic inches. 
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Problem Solving for Chapter P 23 


2 х? юэ? 2 — 3х? 
2 
Y 1-2x 


When x = 0, y, = 0. When x = 0, у, = 2. 


1. y = 2xV1- х 


Thus, y, # yo. 


_ 2x 1-x? х) 


^ 1 ПИЕ 
_ 2х/1—х? Ne х 
| Jl-x? V1 - x? 
2x(1 — x?) - х 
V1 - x? 


_ 2x - 2 - х) 


х(2 — 3x7) 


7 V1 = x? 


13. (a) Either graph could be misleading. The scales on the vertical axes make it appear that the rise in profits is either dramatic or 
small, but the total increase is only 2-6 units. 


. Then y, = у». 


(b) If the company wanted to gloss over the dip in profits during July, as at a stockholders meeting, the first graph could be 


used. If the company wished to project an image of rapidly increasing profits, as to potential investors, the second graph 
could be used. 
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24 Chapter Р Prerequisites 


Practice Test for Chapter P 


|-42| - 20 
15 - |-4| 


1. Evaluate 
2. Simplify ~ – 2. 
2 y 
3. The distance between x and 7 is no more than 4. Use absolute value notation to describe this expression. 
4. Evaluate 10(-х) for x = 5. 
TTE -5\ 1 
5. Simplify (-4x°)(-2x * x). 


6. Change 0.0000412 to scientific notation. 


7. Evaluate 12527, 
8. Simplify 4/64х7у?. 


9. Rationalize the denominator and simplify 55 
10. Simplify 34/80 — 74/500. 

11. Simplify (8x* - 9x? + 2x — 1) m (3x° + 5x + 4). 
12. Multiply (x — 3)(x? +x- 7). 

13. Multiply [(x - 2) - у]. 

14. Factor 16x* — 1. 


15. Factor 6x? + 5x — 4. 


16. Factor х? — 64. 


17. Combine and simplify 23 pum 2 
к XA 
on x-3 x-9 
18. Combine and simplify ——— + 5 
4х х 


has x 
19. Simplify ——————. 


20. (a) Plot the points (—3, 6) and (5, —1), 
(b) find the distance between the points, and 


(c) find the midpoint of the line segment joining the points. 
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CHAPTER 1 
Equations, Inequalities, and Mathematical Modeling 


Section 1.1 Graphs of Equations 


1. solution or solution point 13. y = 2x +5 

3. intercepts x -1 0 1 2 3 

5. origin y 7 5 3 1 0 

7. Two other approaches to solve problems mathematically (x,y) | (757) | (0,5) 1(53) | (2,1) (&. 0) 


are algebraic and graphical. 
9. (а) (2, 0): (2) – 3(2) 2-0 
4-6-2-0 
0-0 


Yes, the point is on the graph. 


(b) (22, 8: (-2) 3(-2) +2=8 


ә 


4+6+2= 8 
CR x = 0 1 2 3 
No, the point is not on the graph. 4 4 0 E 2 0 
п. (a) (15:5 = 4 - 1 - 2] (55) [C14 | (0,0) | (,-2) | G.-2 | (6.0) 
5=4-1 | 
523 


No, the point is not on the graph. 


(b) (60:02 4 - |6 - 2] 


9 2 


0-4-4 
0-0 


Yes, the point is on the graph. 17. x-intercept: (-2, 0) 


y-intercept: (0, 2) 
19. x-intercept: (3, 0) 
y-intercept: (0, 9) 
21. x-intercept: (1, 0) 
y-intercept: (0, 2) 
23. х2 - y 20 
(-x) - у= 0 = х — y = 0 > y-axis symmetry 
x? —(—у) = 0 > x? + y = 0 = No x-axis symmetry 


(х) -(-y) = 0 => х? + y = 0 = No origin symmetry 
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25. 


27. 


29. 


33. 


Section 1.1 


No y-axis symmetry 


No x-axis symmetry 


y = (~x) y en y = х? => Origin symmetry 
Шин: 
i x +1 
=y " | 
y= 2 > у = 5 — No y-axis symmetry 
(-x) +1 хэж1 
X -Х : 
yos NT — No x-axis symmetry 
x-l x^ +1 
23 = » К 
Кт 2 == yas => Origin symmetry 
(-x) +1 x +1 x! +1 
2 = 
ху +10 = 0 


(-x)y? + 10 = 0 = -xy? +10 = 0 = No y-axis symmetry 


x(-y) +10 = 0 2 xy? +10 = 0 = x-axis symmetry 


35. y = -àx +1 
x-intercept: (4. 0) 


y-intercept: (0, I) 


No symmetry 


y 


Graphs of Equations 


27 
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28 Chapter 1 Equations, Inequalities, and Mathematical Modeling 


37. y = x! - 2x 41. у= Ух - 3 
x-intercepts: (0, 0), (2, 0) x-intercept: (3, 0) 
y-intercept: (0, 0) y-intercept: none 
No symmetry No symmetry 

x|-1/0 1 213 х131417(112 
уУ13-101-110(3 у1011:1213 


T 
+> x (3,0) 
4 ~ mme 


-14 


43. y =|x-6 
39. у= х? +3 24 |х | 


x-intercept: (433, 0) 


y-intercept: (0, 3) 


x-intercept: (6, 0) 
y-intercept: (0, 6) 


No symmetry 
No symmetry 


х|-2101214 {6 |8 [10 


х|-21-110(112 


У|8-161412101214 


у|-5|2 |3|4 [11 
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Section 1.1 Graphs of Equations 29 


45. x 2 y? - 1 53. у= Ух +1 
x-intercept: (—1, 0) T 
y-intercepts: (0, —1), (0, 1) 


x-axis symmetry 


-10 


х erp 3 Intercepts: (—1, 0), (0, 1) 


y|o |x1|22 


55. y = |х + 3| 


Intercepts: (-3, 0), (0, 3) 


57. Center: (0, 0); Radius: 3 


47. y = 5 – 1х 
P (x-0 + (у – 0) = 3 
x+y = 9 
i 59. Center: (-4, 5); Radius: 2 
ED (х -hf +(у-&) =r 
Intercepts: (10, 0), (0, 5) р - (c4) 2 [= 5] — 22 
49. y 2x-4x 43 (x 4) +(y-5) =4 


61. Center: (3, 8); Solution point: (—9, 13) 


51. y - 


-10 


Intercept: (0, 0) 
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30 Chapter 1 Equations, Inequalities, and Mathematical Modeling 


63. Endpoints of a diameter: (3, 2), (-9, —8) 


ЯГ EUN NUR 
== (-12)’ + (-10)* 
2 
= EI + 100 
_1 
2 


Il 
x 


(1-3) +(у-&) r 


k- +b - ЫН 


(x +3)” + (у + 3) 


ll 
EB 
5 
5 
3 
N 


1 
a 
= 


65. х2 + y? = 25 
Center: (0, 0), Radius: 5 


(0, 0) 
+ 


+ + + + 
4 12 3 6 


67. (x - lY + (у +3) = 9 


Center: (1, —3), Radius: 3 


69. 


71. 


73. 


75. 


TT. 


6-3 «0-3 = 
Center: (4, 1), Radius: i 


y = 1,200,000 — 80,0007, 0 < ¢ < 10 


y 


1,200,000 
9 
= 1,000,000 
E 
E 
ч 800,000 
g 
3 
б 600,000 
E 
5. 400,000 
А 
200,000 
t 
123 4 5 67 8 9 10 
Year 
(a) 
y 
x 
— 1040 
(6) 2x + 2y = 3 
— 1040 
2y 5 2, 
— 520 
yr 
= = (220 _ 
А = ху = x( з х) 
8000 
(c) 
0 180 


0 
(d When x = у = 862 yards, the area is a maximum 
of 7511; square yards. 


(e) Aregulation NFL playing field is 120 yards long and 
531 yards wide. The actual area is 6400 square yards. 


False. Theline y — xis symmetric with respect to the 


origin. 


The test is for symmetry with respect to the x-axis. The 
statement should read: The graph of x = 3y? is 
symmetric with respect to the x-axis because 
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Section 1.2 Linear Equations in One Variable | 31 


79. y = ах? + b? 83. 6(x 1) + 4 = 6(x) 6(1) = 6x 6+4 = 6х - 2 
2 3 
(a) y = a(-x) + Цэ) 85. The least common denominator is 3(4) = 12. 
= ах? — b) 
To be symmetric with respect to the y-axis; a can 87. The least common denominator is x — 4. 


be any non-zero real number, b must be zero. 


14:736 — 5/2 -9 
7(6)/2-5(3) 72 


89. 7/72 — 54/18 


Sample answer: a = 1,b = 0 


(b) -y = а(х) + 6-х)? 


-у = ах? — b? z (42 Е 15/2 
y = -ах? + bx? = 274/2 
To Бе symmetric with respect to the origin; a must 91, 732 . 7102 = 79294112 = 77 = 823,543 
be zero, b can be any non-zero real number. 
Sample answer: a = 0,b = 1 93. (9x - 4) + (2? -x+ 15) = 2x? + 8х +11 


81. 3(7x + 1) = 3(7x) + 3(1) = 21x + 3 
Ээ эж з. 95. (2x + 9)(x — 7) = 2x? 9x — 14x — 63 


= 2x? — 5x — 63 
Section 1.2 Linear Equations in One Variable 
1. equation 19. 7—2x = 25 
-7-2x225- 

3. ax+b=0 VES 1 d 
-2x = 18 
5. rational —2x 18 
А еги 

7. Yes. 8 = x — 3 and х = 11 are equivalent equations. 9 

x=- 

9. The equation 3(x — 1) = 3x — 315 an identity by the oi Appii 
Distributive Property. The equation is true for all real 3% 2x -5 29232923 £7 
values of x. 

x-5=7 
11. The equation 2(x — 1) = 3x + lisa conditional Хус 2 um q.s 
equation. The only value in the domain that satisfies x =12 
the equation is x = —3. 
23. Ду +2 – 5у = 7 — 6y 
13. The equation 3(x + 2) = 3x + 2 isa contradiction. Ду -5y +2 = 7 – 6у 
There are по real values of x for which the equation is -y+2=7-6y 
true. у+6у +2 = 7 – бу + бу 
15. The equation 2(x + 3) - 5 = 2x + 115 an identity by Sy+2=7 
simplification. The equation is true for all real values Sy+2-2=7-2 
of x. 5у = 5 
17. 2x410-15 S RE 
5 5 
2x +11—11=15—11 
y=] 
2x = 4 
5-0 
2 2 
x=2 
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32 Chapter 1 Equations, Inequalities, and Mathematical Modeling 


25. x - 32x + 3) = 8 – 5х 31. 5-4 2 
x-6x-9-8-5x Dus ME 
—5х—-9=8—5х 3(5x — 4) = 2(5х + 4) 
5x + 5x —9 = 8 — 5x + 5x р, Ча ш 
9+8 5x = 20 
Because —9 = 81s a contradiction, the equation has no mud 
solution. 33. 10- 13 m 5 
x x 
27. 0.25х + 0.75(10 – x) = 3 10x -13 4x45 
0.25x + 7.5 - 0.75x = 3 хх 
—0.50x + 7.5 = 3 10x – 13 = 4х + 5 
-0.50х = —4.5 бх = 18 
х= 9 m3 
29. 3x 45, 35. $a 
8 3 z+2 
3x 4x 2 
24) - Q4) = (24). 3(z + 2) = C UE: AG + 2) 
9x — 32x = 96 3z+6=27+44+2 
-23x = 96 ЗЭВ 
96 
38 gol. hk lg 
x+4 х-4 
цан 
1-2-0 
320 
Because 3 = 0 is a contradiction, the equation has no 
solution. 
2 1 2 


= + Multipl: h term b — 4)(х — 2). 
nead жел суз ultiply each term by (x — 4)(x — 2) 


2 = I(x — 2) + 2(x – 4) 
22x-2-42x-8 
2 


= 3x – 10 
12 = 3х 
4 = х 


A check reveals that X = 4 yields a denominator of zero. So, X — 4 is an extraneous solution, 
and the original equation has no real solution. 


41. 1 1 _ 10 
x-3 x-3 х2-9 
1 Е. 10 
x-3 х-3 (x + 3)(x – 3) 
I(x + 3) + (х - 3) = 10 


2х = 10 


Multiply each term by (x + 3)(x - 3). 


=) 
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Section 1.2 Linear Equations in One Variable | 33 


43. у = 12 - 5х оа: si 12 0823р 
0 = 12 – 5х = 12 - 5(0) 5 
5х = 12 у = 12 2х + 40 – 15у = 0 
х= 12 2x + 40 — 15(0) = 0 
2x + 40 = 0 
The x-intercept is (2, 0) and the y-intercept is (0, 12). x = —20 
2х + 40 – 15у = 0 
45. у = -3(2x +1) y = -3(2x +1) 2(0) + 40 – 15у = 0 
0 = -3(2x + 1) = -3(2(0) + 1) 40 – 15у = 0 
0=2x+1 y ecu ace cm 
xm = 15 3 


The x-intercept is (-20, 0) and the y-intercept is (0, 8). 
The x-intercept is (-4, 0) and the y-intercept is Р ) d E | 3) 


(0, –3). 53. y = 2(x - 1) - 4 
0 = 2(x-1-4 
47. 2x+3y = 10 2x + 3y = 10 (x ) T 
0=2x-2-4 
2x + 3(0) = 10 2(0) + 3y = 10 6 12 
en 0 = 2x - 6 
2x = 10 y= TM 
= 22:10 
шиг У= з 32x ек 


The x-intercept is (5, 0) and the y-intercept is (0, 10) 


The x-intercept is x = 3. The solution of 
49. 4y – 0.75х +12 = 0 


0 = 2(x — 1) — 4 and the x-intercept of 
4(0) - 0.75x +12 = 0 


y = 2(x — 1) — 4 are the same. They are both x = 3. 


-0.75 +12 = 0 
The x-intercept is (3, 0). 
1.2 
x= 0.75 = 1.6 
4y - 0.75x + 1.2 = 0 Syr е (Зх — 10) 
4y - 0.75(0) +12 = 0 0 = 20 - (3x – 10) 
4y +12 = 0 0 = 20 – 3x +10 
0 = 30 – 3x 
—1.2 

у= E = -0.3 -20 i 40 acci 

x = 10 


The x-intercept is (1.6, 0) and the y-intercept is The x-intercept is х = 10. The solution of 


(0, -0.3). 0 = 20 — (3x — 10) and the x-intercept of 
y = 20 — (3x — 10) are the same. They are both 
x = 10. The x-intercept is (10, 0). 
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34 Chapter 1 Equations, Inequalities, and Mathematical Modeling 


57. y = -38 + 5(9 – x) 0 = -38 + 5(9 – x) 67. (a) The y-intercept is about (0, 407). 
10 03 ee эх (b) Let t = 0. 
0 =7 -5x у = 8.28t + 406.6 
шинж = 828(0) + 406.6 
-6 10 cd 
: XE = 406.6 
The x-intercept is at x — i The solution of The y-intercept is (0, 406.6). 
0 = —38 + 5(9 — х) and the x-intercept of In 2010, the population of Raleigh was about 
y = —38 + 5(9 — x) are the same. They are both 406,600. 
x = 1. The x-intercept is (2, 0). (с) Let y = 448. 
448 = 8.28t + 406.6 
2 Хайд i 41.4 = 8.28t 
59. - = — Multiply both sides by 7.398x. 41.4 
138 x x 7 ? 2525 
8.28 
2x — (4.405)(7.398) = 7.398 Scu 
2х = (4.405)(7.398) + 7.398 The population reached 448,000 in 2015. 
2x = (5.405)(7.398) 
(s 405)(7 398) 69. Letc = 10,000. 
oo SERATA MEER 2 : = 19.993 c = 0.37m + 2600 
10,000 = 0.37m + 2600 
61. 0.275x + 0.725(500 — x) = 300 7400 = 0.37m 
0.275x + 362.5 — 0.725x = 300 7400 
—0.45х = —62.5 037 ” 
m = 20,000 
y= VL 138.889 
0.45 So, the number of miles is 20,000. 
63. 471 = 2л(25) + 2a(5h) 71. x(3 - x) = 10 
471 = 507 + lOmh 3x = x? = 10 
471 — 50z = 10zh False. This is a quadratic equation. The equation cannot 
52 41-507 | 471 - 50(3.14) E be written in the form ax + b = 0. 
10 10(3.14 
Ч D 73. (x -1) -22 3x - 6 
h = 10 feet 
3x —-3-—-2 = 3x – 6 
65. Let y = 18. 3x -5 = 3x – 6 
y = 0.514х - 14.75 -5 8-6 
18 = 0.514х — 14.75 False. The equation —5 = —6is а contradiction, so the 
32.75 = 0.514х original equation has no solution. 
32.75 
—— =x 3x +2 
0.514 и cce 
ди: 3x +2 = 35 and х+9 = 20 
So, the height of the female is about 63.7 inches. 3x = 33 pet 
х= 11 


Yes, they are equivalent equations. They both have the 
solution x = 1]. 
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Section 1.3 Modeling with Linear Equations 35 


77. (8) : 83.127 
9 х 
-9 9 
x = 7(9) 
x = 63 
-8 5 
85 7-0 
(b) x-intercept: (2, 0) RT 
(c) The x-intercept is the solution of the equation х? = 25 
3x -6 = 0. x = +5 
79. Area of shaded region = Area of outer rectangle — Area 87. (600)(0.24) = 144 
of inner rectangle So, 144 is 24% of 600. 


A = 2x(2x + 6) — x(x + 4) 


= 4x? + 12x = x? — 4x 89. 176x = 66.88 


= 3x? + 8x x= 66.88 
176 
4 144 ^ 36 x = 0.38 

x 55 So, 38% of 176 is 66.88. 

36x = 144(55) 5 E FERN 3/55 
17920 91. 4168-2267) = 2х\/2х 

36 

Бо 93. 5/53 = x36 = х\? = Sy 


Section 1.3 Modeling with Linear Equations 


1. mathematical modeling 7 


3. A hidden equality is a statement that two algebraic 


t 
6 
expressions are equal. A number divided by 6 
z 2 
3 


A number decreased by 2, then divided by 3 


5. y -2 9. 


The sum of a number апа 2 
A number increased by 2 
11. -2(4 + 5) 


The product of —2 and a number increased by 5 


13. Verbal Model: Product = (first odd integer) - (second odd integer) 


Labels: Product = P, first odd integer = 2n — 1, second odd integer = 2n – 1 + 2 = 2n +1 
Equation: Р = (2п = 1)(2n + 1) = 4n? – 1 
15. Verbal Model: (Distance) = (rate) - (time) 


Labels: Distance = d, rate = 55 mph, time = t 


Equation: d = 55t 


17. Verbal Model: (Amount of acid) = 20% - (amount of solution) 
Labels: Amount of acid (in gallons) = А, amount of solution (in gallons) = x 


Equation: A = 0.20x 
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19. 


21. 


23. 


25. 


27. 


29. 


31. 


Chapter 1 


Verbal Model: 
Labels: 
Equation: 
Verbal Model: 


Labels: 


Equation: 


Verbal Model: 


Equation: 
Labels: 


Verbal Model: 


Equation: 


Verbal Model: 
Labels: 


Equation: 


Answer: 


Verbal Model: 
Labels: 


Equation: 


Answer: 


© 2022 Cengage 


Equations, Inequalities, and Mathematical Modeling 


Perimeter = 2(width)  2(length) 
Perimeter = P, width = x, length = 2(width) Ex 


Р = 2х + 2(2x) = 6x 


(Total cost) = (unit cost)(number of units) + (fixed cost) 


Total cost = C, unit cost = $40, number of units = x, fixed cost = $2500 


C = 2500 + 40x 


(Discount) = (percent) - (list price) 


d = 0.30L 


N = the number, p = percent % of the number 


t 
(The number) = а) - 672 
100 
М = АР. 672 
100 


Area = Area of top rectangle + Area of bottom rectangle 
4x + 8x = 12x 


a 
Il 


Sum = (first number) + (second number) 
Sum = 525, first number = n, second number = n + 1 
525 = п + (п + 1) 
525 = 2n +1 
524 = 2n 
п = 262 


First number = и = 262, second number = n + 1 = 263 


Difference — (one number) — (another number) 


Difference = 148, one number = 5x, another number = x 


148 = 5x - x 
148 = 4x 
x = 37 
5x = 185 


The two numbers are 37 and 185. 
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33. 


35. 


37. 


39. 


41. 
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Verbal Model: Product = (smaller number) - (larger number) = (smaller number)” =:5 
Labels: Smaller number = n, larger number = n + 1 
Equation: n(n + 1) = у? -5 
п +п = п? – 5 
п =—5 
Answer: Smaller number = n = —5, larger number = n + 1 = -4 
Verbal Model: (first paycheck) + (second paycheck) = total 


Labels: second paycheck = x, first paycheck = 0.85x, total = $1125 
Equation: 0.85x + x = 1125 
1.85x = 1125 
x = 608.11 
0.85x = 516.89 
Answer: The first salesperson’s weekly paycheck is $516.89 and the second salesperson’s weekly paycheck 
is $608.11. 


Verbal Model: (Loan payments) = (Percent) - (Annual Income) 
Labels: Loan payments = 15,680 (dollars) 
Percent = 0.32 


Annual income = J (dollars) 


Equation: 15,680 = 0.32] 
15,680 — 0.327 
0.32 0.32 
49,000 = І 
Answer: The family’s annual income is $49,000. 
(a) (c) 25 = 5w 
w 5=w 
Width: w = 5 meters 
i Length:/ = 1.5w = 7.5 meters 
(b) 1 = L5w Dimensions: 7.5 meters x 5 meters 
P = 2l * 2w 
= 2(1.5w) + 2w 
= 5у 


ТУТА Е (test #1) + (test #2) + (test #3) + (test #4) 


4 
Labels: Average = 90, test #1 = 87, test #2 = 92, test #3 = 84, test #4 = x 
87 + 92 + 84 + 
Едиайоп: 90 = а, 2 
4 
Answer: You must score 97 or better on test #4 to earn an A for the course. 
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. distance _ 50 kilometers 


43. Rate - i = 100 kilometers/hour 
time 3 hour 
2 
| total distance 500 kilometers 
Total time — = - = 5 hours 
rate 100 kilometers/hour 
The entire trip takes 5 hours. 
45. Verbal Model: (Distance) = (rate)(time) 
Labels: Distance = 1.5 х 10!! (meters) 
Rate = 3.0 x 108 (meters per second) 
Time = t 
Equation: 1.5 x 10"! = (3.0 x 108)¢ 
500 = ¢ 


Light from the sun travels to the Earth in 500 seconds or approximately 8.33 minutes. 


Height of buildi 
47. Verbal Model: (Height of building) 


(Height of post) 


(Length of building’s shadow) 


Labels: Height of building = x 
Length of building’s shadow = 105 
Height of post = 3 · 12 = 36 
Length of post’s shadow = 4 


Equation: = 36 
105 4 
х = 945 


One Liberty Place is 945 feet tall. 


(b) Verbal Model: 


Labels: 


Equation: 


H€——— 30 ft ——»1——3À 
S ft 


(Length of post’s shadow) 


(feet) 
(feet) 
(inches) 


(inches) 


(height of pole) _ (height of person) 
(height of pole's shadow) (height of person's shadow) 


Height of pole = h, height of pole's shadow = 30 + 5 = 35 feet, 
height of person = 6 feet, height of person's shadow = 5 feet 


л _6 

35 5 

h=£.35=42 
5 


The pole is 42 feet tall. 
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51. Verbal Model: Interest from 4496 + |Interest from 59$! = Total interest 


Labels: Amount invested at 41% = x dollars 
Amount invested at 5% = 12,000 — x dollars 
Interest from 41% = x(0.045) dollars 
Interest from 5% = (12,000 — x)(0.05) dollars 


Total annual interest — 580 dollars 


Equation: 0.045x + 0.05(12,000 — x) = 580 
0.045x + 600 — 0.05x = 580 

—0.005x = —20 
x = 4000 


So, $4000 was invested at 41% and $12,000 — $4000 = $8000 was invested at 5%. 


53. Verbal Model: ^ (Profit from dogwood trees) + (profit from red maple trees) = (total profit) 


Labels: Inventory of dogwood trees = x, inventory of red maple trees = 40,000 — x, 


profit from dogwood trees = 0.25x, profit from red maple trees = 0.17(40,000 - х), 
total profit = 0.20(40,000) = 8000 


Equation: 0.25x + 0.17(40,000) = 8000 
0.25x + 6800 — 0.17x = 8000 
0.08x = 1200 

x = 15,000 


The amount invested in dogwood trees was $15,000 and the amount invested in red maple trees was 


$40,000 — $15,000 = $25,000. 


Amount of gasoline} |Amount of gasoline Amount of gasoline 
55. Verbal Model: "EM + = |. ү 
in mixture to add in final mixture 
Labels: Amount of gasoline in mixture — 3302) (gallons) 


Amount of gasoline to add — x (gallons) 


Amount of gasoline in final mixture — 22 + x) (gallons) 
T 64, . 50 
Equation: a +Х = aQ + x) 


64 | 
33 


3264 + 1683х = 3300 + 1650х 


22200 4 50 
х= 5 + 51% 


33x = 36 
x = 1.09 
The forester should add about 1.09 gallons of gasoline to the mixture. 
57. A= м 59. S=C+RC 
S = С(1+ А) 
2A = bh 
2A 2: =C 
5 5 1+R 
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6. A=P+ Prt 5 
A- P= Prt 
Ae Ps 
2 73. 
63. C = Е - 32) ВЭ 
= 5(98.6 — 32) 
= 5(66.6) 
= 37° 


77. 


65. y = ын 
3 


79. 
5.96 = ar 
17.88 = 4zr? 81. 
ын zd 
4 83. 
rog к 1.12 inches 
л 
: 85. 
67. True. The expression CE can be described as 
Pm 
x cubed divided by the square of the difference of x 
and 4. 


69. One possible interpretation: 2 


3n 87. 


— Tex» 
Another possible interpretation: — - 3 = — 
n n 


The phrase “the quotient of 5 and a number” indicates 
the variable is in the denominator. 


. 3n. TENE . 
So, the expression x is not a possible interpretation. 


5 (x-3+ V7\(x - 3 - V7) 


78. 


15 89. 


а r 
d = rt t =—,nott = 
r 


(x + V3)(x - V3) = х2 – xV3 + 23-3 = x? -3 


1 


(x = 3) - (V7) 
х2 = 6х+9- 7 


=x —6x +2 


1 


4x? + 4x +1 = (2x +1) 
x? — 22x + 121 = (x —11\(x - 11) = (x - 117 
u? + 27у = (u + 3v)(u? — 3uv + 9) 


2x? + 9x + 4 = (2х + I(x + 4) 


-3 + 4032 – 4(-9) -3 + V45 3435 


- (-3V2) -18 
= 9(2) - 18 
zd 


9.46 x 10 = 9,460,000,000,000 


-375 x 10^ = —0.000375 


Section 1.4 Quadratic Equations and Applications 


1. quadratic equation 9. 


3. discriminant 


5. Four methods to solve a quadratic equation are: 
factoring, extracting square roots, completing the 
square, and using the Qualitative Formula. 


11. 


7. 6x? 3x 
3x(2x + 1) 


3x20 or 2x+1=0 


х= 0 or x=- 


Nie 


34+ 5x - 2x7 = 0 
(3 — x)(1 + 2x) = 0 
3-х= 0 ог 1+2x=0 


x =3 or x=- 


N|- 


x? +10x + 25 = 0 
(x + 5)(х + 5) = 0 

x+5=0 
-5 


x 
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13. 


15. 


17. 


19. 


21. 


23. 


25. 


27. 


162-920 
(4х + 3)(4x + 3) = 0 


4x +3 =0 > x= –3 


4x-3=0>x=ż 


2x? = 19x + 33 
2x? – 19x – 33 = 0 
(2x + 3(x - 11) = 0 


2x 43320 > x=-3 
х-11= 0 > а= 
3x? + 8x + 20 = 0 


(ix + 8x + 20) = 4(0) 


Зх? + 32x + 80 = 0 
(3x + 20)(x + 4) = 0 


3x + 20 = 0 or x+4=0 
x=-2 or x=-4 
x? = 49 
X muy 
x? = 19 
x = +/19 
x = +4.36 
Зх? = 81 
х? = 27 
х = +34/3 
= +5.20 
(x - 4) = 49 
х-4 = +7 
х= 4+7 
х = llorx = -3 
(х + 2j = 14 
х +2 = +414 
х= —2 + 3/14 
= 1.74, —5.74 


Section 1.4 Quadratic Equations and Applications 


29. (2x - 1)? = 18 
2x - 1 = +18 
2x =1+ 3/2 
1t342 
x = — 
2 
= 2.62, —1.62 
31. (x - 7) = (x +3) 
х-7 = +(x + 3) 
x-7=x+3 or x-72-x-3 
-7 #3 or 2x =4 
к? 


The only solution of the equation is x = 2. 


33. x? + 4x - 32 = 0 
x? + 4x = 32 
х + 4х + 22 = 32 + 22 
(x + 2)? = 36 
х +2 = +6 
х= 2 +6 
х= 4 or x =-8 
35. х2 +4x+2=0 
x!44x 2-2 
xX + 4х + 22 2-242 
(х + 2) = 2 
x+2 = +2 
х= -2+ 4/2 
37. 6x? — 12x = -3 
prirast 
2 
2 2 1 2 
x 2x+1 = +1 
2 
2 1 
x-1) = – 
Е 
х-1= + i 
2 
X mb 1 
2 
PEE E 
2 


41 
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39. 7+2x-x = 0 
-x +2x+7=0 
x? - 2х-7 = 0 
х2 - 2х = 7 
x -2x(y = 7 + (ы) 
(х = 1)? = 8 
x-12 £242 
x-21£242 


5Y 89 
xt =| => 
4 16 
EE 
4 4 
с=-—2+У®” 
47 4 
ee SENG 
4 


-6 


(b) The x-intercepts are (-1, 0) and (—5, 0). 


(c) 0 = (x 4 
4 = (x 4 
+J4=x4 
-3+2 = х 
x= -l 


(d) The x-intercepts of the graphs are solutions of the 


equation 0 = ( 


or x = —5 


х +3) —4. 


45. (а) 


(b) 
(c) 


(d) 


47. (a) 


(b) 
(c) 


(d) 


and Mathematical Modeling 


у=1- (x - 2) 


2 


-4 


The x-intercepts are (1, 0) and (3, 0). 


0 =1-(x-2) 
(x-2) -1 
х-2 = +1 
х= 2+1 
x=3 o x=l1 
The x-intercepts of the graphs are solutions of the 


equation 0 = 1 — (x - ay. 


у = -4x? + 4x + 3 


5 


-3 


The x-intercepts are (-4, 0) and (2, 0), 


0 = -4x? + 4x +3 


4x? -4x = 3 
A(x? – x) = 3 
#-х=3 
гл е, 
(8-1 =1 
x-4 = +31 
x= +1 
x=3 orx--i 


The x-intercepts of the graphs are solutions of the 
equation 0 = —4x? + 4x + 3. 
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49. (а) у = х? +3x-4 63. l6? + 8x - 320 
1 
ES Ў Lo 20+ УР = ас 
2а 
-8 + JJ8 – 4(16)(-3) 
= 2(16) 
(b) The x-intercepts аге (-4, 0) and (1, 0). -8t16 1 3 
32 4 
(с) 0-2 х2 +3x-4 
0 = (x + 4(x - 1) 65. х2 + 8x-4=0 
x+4=0 or x-1=0 _ -b + Vb? = дас 
x =-4 or x-l * 2a 
(d) The x-intercepts of the graphs are solutions of the -8 + J8 - 4(1)(-4) 
equation 0 = x? + 3x — 4. = 2(1) 
51. 9х2 + 12x +4 = 0 EIC COME. 


b? — дас = (12)? — 4(9)(4) = 0 


2 
One repeated real solution Өс эээ epe 


-b + Nb? – 4ac 
53, 232 - 5x + 5 = 0 $m 2a 
2 
b? — дас = (—5) - 4(2)(5) = -15 < 0 (00) + JCTY. - 4(2)(0 
No real solution 2(2) 
74/49 – 8 
55, 2x? -x-1=0 = 
2(2) 
2 
02 – 4ac = (-1) - 4(21-1) =9>0 7t J41 
Two real solutions 4 
57. 1%? -24l 
+ gx = 5х + 25 = 0 ECC 


b? – 4ac = (-5) -4(1(25)--2 < 0 
(-5) (20 ) 3 69. 242x- x? 20 


No real solution -x) 22x 242-20 


59, 0222 +1.2x-8 = 0 "E. Vb? — 4ac 


b? — 4ac = (12)? - 4(0.2)(-8) = 7.84 > 0 


-2 + 4/22 — 4(-1)(2) 
Two real solutions = 2(-1) 
61. 22 +х-1= 0 _ 2 £243 
-2 
-b + Jb? — 4ac 
= =ltv3 
2a SS 
оо Ж UL 
22) 
emat i ET 
4 2 
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71, x? +16 = -12x 
x + 12х +16 = 0 
_ =b + Jb? = дас 
2a 
-(12) + J/(12. – 4(1)(16) 
20) 
_ -12 € 4/44 - 64 
20) 
-12 + 4/80 
2 


-12 + 4/5 
2 


4(-3 + 45) 


2 


= 2(-3 + V5) = -6 + 24/5 


73. 4X? + бх = 8 
4x + 6x - 8-20 


22255 \/Ъ? дав 
2a 
_ —(6) + 4/06); - 4(4)(-8) 
2(4) 
_ -6 + 4/36 + 128 
2(4) 
_ 6+ 164 
8 
_ -6 + 24/41 
i 8 
2(-3 + Уат) 
= 
_ —3 + V41 
i 4 
_3, Va 
ps tare Ч 


and Mathematical Modeling 


75. 28x — 49x? = 4 
-49x! + 28x -4 = 0 
-b + Vb? — дас 
2a 
-28 + ./28° – 4(-49)(-4) 
2(-49) 


77. 8 = 5+2 


ВО 5 х/6 


2+ 
-4 2 


79. 5152-17х-32-0 
17 + NERA - 4(5.1)(-3.2) 
2(5.1) 
= 0.976, —0.643 


x= 


81. —0.67x? + 0.5x + 1.375 = 0 


0.5 + /(0.5)° — 4(-0.67)(1.375) 


“ 2(5.1) 


= —].107, 1.853 


83. 12.67x? + 31.55x + 8.09 = 0 


| -3155 543155) — 4(12.67)(8.09) 
2(12.67) 
—2.200, -0.290 


u 


85. x? – 2х - 1 = 0 Complete the square. 
x – 2x = 1 


х? - 2х +102 2140? 


(x - = 2 
х-1-4472 
х-154/72 


87. (х + 2Г — 64 Extract square roots. 


х+2= 8 or x+2=-8 


x=6 or x = -10 
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8. х2 - х- Ш = 0 Complete the square. 1 _ 1 
4 93. = 5 2 
5 ü x —2x+5 x -2x4+1 +5 
х - х= = 
4 1 
2 D^ ead тр 
х x + (1) 551 (651) а 
i35 7272 
(x z 5) TD 95. 4 - 4 
i = х2 +10x 474 х2 +10х + (5 — (5) + 74 
х-у=®уү 4 
х = 4 +-/3 x? +10х + 25 + 49 
Е 4 
91. 3x + 4 = 2x? — 7 Quadratic Formula (x + 5)? + 49 
0 = 2х2 – 3х – 11 
х х " 1 й 1 
2 ек ш. СЕ Jatea -14/102-2х-3) 
2(2) _ 1 
03 97 E ia -2x + a? - ay - 3] 
4 _ 1 
3 97 2 
= те —1(х'* – 2х +1) +4 
4° 4 y 
Р 1 
4-(x-1 
5 1 Е 1 _ 1 
М2 + 4х = х2 J- – 4x - 12) EF - 4x + Q? - 2)? - 12] 
Е 1 _ 1 
NE -4x«4)-16] J16-(x-2* 
101. (а) w(w + 14) = 1632 105. (a) Volume is 1024 cubic feet. 
V=al-w-h 
(b) w? + 14w – 1632 = 0 
LI x(x T 1)(4) 
(w + 48)(w — 34) = 0 
= 4x? + 4x 
w=-48 or w= 34 
So, 
Because the width must be greater than zero, 4x? + 4x = 1024 


w = 34 feet and the length is w + 14 = 48 feet. 


Ax? + 4x - 1024 = 0 
103. 5 = x? + 4xh 4(x? + x — 256) = 0 
108 = x? + 4x(3) х? + х – 256 = 0 
0 = x? + 12x – 108 -1 + JJ? - 41) - 256 
0 = (x + 18)(x — 6) is 20) 
хэ-18 or x =6 x = 15.51 
Because x must be positive, x = 6 inches. хо +1 16.51 


The dimensions of the box аге 


байлээ 6inches e 3inches. So the base of the pool is approximately 


15.51 feet x 16.51 feet. 
(b) Because 1 cubic foot of water weighs 
approximately 62.4 pounds, 
62.4 pounds 
1 cubic foot 


1024 cubic feet - — 63,897.6 pounds. 
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107. (а) s = —16t7 + vot + sg 


Since the object was dropped, vy = 0, and the 
initial height is sọ = 984. Thus, 
s = —16t? + 984. 


(b) s = –16(4)? + 984 = 728 feet 


(c) 0 = -16£? + 984 
16t? = 984 
12 = 984 
16 
f= 984 = N 246 = 7.84 
16 2 


It will take the coin about 7.84 seconds to strike 
the ground. 


109. (а) s = -16t? + vot + sg 


Since the object was dropped, v, = 0, and the initial height is sy = 1815. Thus, s = —16¢? + 1815. 


(b Time,t | 0 2 4 6 8 10 12 


Height,s | 1815 | 1751 | 1559 | 1239 | 791 | 215 | —489 


(c) The object reaches the ground between ¢ = 10 seconds and ¢ = 12 seconds. Numerical approximation will vary, 
though 10.7 seconds is a reasonable estimate. 


(d 0 = -16¢? + 1815 


16? = 1815 

2 _ 1815 

16 
ye. YSIS АБ, ayes 
16 4 
It will take the object about 10.65 seconds to reach the ground. 
(e) 2000 

0 12 


0 


The zero of the graph is at £ = 10.65 seconds. 
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111. D = 0.0534? — 0.855¢ + 18.87,14 € t € 20 
(a) 


t | 14 15 16 17 18 19 20 


D | 17.37 | 18.06 | 18.86 | 19.77 | 20.78 | 21.90 | 23.13 


The public debt reached $20 trillion sometime in 2017. 
(b) D = 0.053417 — 0.855t + 18.87 

20 = 0.0534? — 0.855t — 1.13 

0 = 0.053417 — 0.855t — 1.13 


С + ,|(-0.855)° - 4(0.0534)(-1.13)| 
2(0.0534) 
(0.855 + /0.972393) 


0.1068 
t = -1.23 and t = 17.24 


t= 


Because the domain of the model is 14 € £ < 20,t = 17.24 is the only solution. So, the total public debt reached 
$20 trillion during 2017. 


The graphs of D and y = 20 intersect at £ = 17.24. 
So, the total public debt reached $20 trillion during 2017. 


113. (a) L = -02708 + 3.59t + 83.1, 2€ t € 7 


Minimum at ¢ = 2 (89.2% at 2 Р.М.) 


Maximum at / = 6.65 (95.0% at 6:38 P.M.) 


(b) L = —0.270{? + 3.59¢ + 83.1 
93 = 0.27012 + 3.59t + 83.1 
0 = -0.270£ + 3.59t – 9.9 
0 = 0.2700? — 3.59 + 9.9 


Using the Quadratic Formula, 
_ —(—3.59) + VERDI — 4(0.270(9.9) — 3.59 + ./2.1961 , 
2(0.270) 0.54 
t = 39andt = 9.4 


Because the domain of the model is2 < t < 7, t = 3.9 is the only solution. The patient's blood oxygen level was 93% at 
approximately 4:00 P.M. 
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115. 


117. 


119. 


121. 


131. 


133. 


135. 


137. 


139. 


141. 


Chapter 1 Equations, Inequalities, and Mathematical Modeling 


Let v be the speed of the two planes. After 1 hour, the 
planes have traveled v miles. 


707 


So, 2 = 7072 > v = = 500. 
43 


The speed is approximately 500 miles per hour. 


| 
| 
сл 


—3х°+х = 


-3x +x+5=0 
b? — 4ac = (1) - 4(-3)(5) = 1 + 60 = 61 > 0. 


True. The quadratic equation has two real solutions. 


Yes, the vertex of the parabola would be on the x-axis. 


The equation in general form is 3x? + x — 3 = 0, so 
а= 3,b = 1,с = -3. 


(1237 15) [e 19x 5) = 12x? 


(x + 6)(3x — 5) = 3x? + 18x – 5x – 30 = 3x? + 13x – 30 


(2x — 9)(2x + 9) = (2х) -9 = 4x? – 81 


(2x? = у)(Зх? + 4y) = бх — 3x°y + 8х?у - 4y? 


(5 + ЙЫЗ - УЗ) = (З) - (М) 


=3-2=1 


(7/2 - 4+ V5)(7V2 + 4 - V5) 

= [2 - (4 - 45)|7-72 + (4 - V3)| 
= (7V2) - (4 - v5) 

= 98 - (16 - &/5 + 5) 

= 77 + 845 


123. Sample answer: (х – 0)(х - 4) = 0 


x(x — 5) 


?-4x 20 


Il 
© 


125. One possible equation is: 
(x -8(x-14)20 
2 -22x +112 = 0 


Any non-zero multiple of this equation would also have 
these solutions. 


127. One possible equation is: 


[x - (1+ 2)][x - (- v2)] = o 
[x-9- V2 ][(w-1)+ V2] =0 
(х= 1) - (V2) = о 

?-2x 41-220 
?-2x-120 


Any non-zero multiple of this equation would also have 
these solutions. 
? — 8x + 27 


129. P + 5x + 11) + (2x? — 13x + 16) = 


—15— x? +19x + 5 = 11x? + 19x – 10 


12 _ 312 43 123 45 


a NB Мз 5:3. 5 
T E MT NK. ‚®-УП 
8+/П 844011 8—-/11 

3(8 - Vii) 

64 - 11 

224-341 

53 
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Section 1.5 Complex Numbers 49 


9. (5 +0) + (2 + 30) = 5 +1+2 + 31 
= 7+4 


M. (9-0) - (8-0) =1 


13. (-2 + 4-8) + (5 4-50) = 01) 
+5 — 54/21 = 3 — 3/21 


27. The complex conjugate of —1 — 4/5 is -1 + 5/51. 


(-1 = J5i)(-1 + Ji) 


1-5? 


1+5 = 6 


29. The complex conjugate of 4/-20 = 24/51 is -24/5i . 


(2V/si)(-2V5i) = -20i = 20 


31. The complex conjugate of 1 — V-6 is 1  4/—6. 
(1 - V-6)(1 + V6) = 1 - (6) =7 


2 0 2 э 4+5 
42-21 4-5 4+5 
2(4+5) 8+10i 8 10, 


= = + 1 


16 + 25 41 4l 41 


33. 


; ; TE 
BE 5+ (5+) 25091014 


5-і (5«i) 25- p 
_ 24 +101 12, 5, 
26 13 13 
qq, 2-9 -i  -9i + 4i? a 


1. ./-1; -1 
3. (a) ii (b) iii (c) i 
5. The additive inverse of 2 — 4iis -2 + 4i. 
7. ac bi 9 + 8i 
=9 
b=8 
15. 13i - (14 - 7i) + (2-10) =-14 + 2 + (13 + 7- П) 2 -I2 + 9i 
17. (1 + (8 -2)) = 3 - 2i + 3i - 22? 
=3+i+2=5+i 
19. 12i(1 — 9i) = 12i — 108? 
= 12i + 108 
= 108 + 12i 
21. (V2 + si (V2 - 3i) = 2 - 9? 
=2+9=11 
23. (6+ 7i) = 36 + 84i + 49i? 
= 36 + 84i — 49 
= -13 + 84i 
25. The complex conjugate of 9 + 2i is 9 — 2i. 
(9 + 2i(9 – 2i) = 81 - 4? 
= 81+4 
= 85 
39 3i o 3i | 3i -9 40i 
! (4-5) 16- 40i + 252 -9-40i -9-440 
| —27i + 1202 _ -120 - 27i 
81 + 1600 1681 
_120 27, 
1681 1681 
а. /-6 - 4-2 = (Vei 2i) = v12? = (2/371) 


S23 


43. (4215) = КЕ = 15? = -15 
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45. -8 + 4/50 = V8i + 50i 
= 24/21 + 54/21 
= 7401 


ат. (3 + J-s)( - J-10) 


(+ V(r - viu) 
21 - 34/10i + 74/5i – 4/5002 

= (21 + V50) + (74/5 - 3 /10)i 
= (21 + 542) + (145 – 3/0) 


2 " 
4.x –- 2х+2= а= 16 = -2,с = 2 55. x —6x+9=0 Multiply both sides by 2. 
К кт E 2) - 4(1)(2) 3x? -12x +18 = 0;a = 3b = -12,c = 18 
i (-12) + (712) - 4(3)(18) 
2+./-4 s x: 
DM 2(3) 
2 t 2i _ 1244-722 
= Е 5 
= 1+} 12 + 6/21 
6 
2 9 
51. 4x? + 16x + 17 = 0;а = 4,b = 16,с 217 to. 
-16 + /(16 — 4(4)(17 
x= BS (907) 57. 1.4x? - 2x +10 = 0 = 14x? — 20x + 100 = 0; 
a = 14, b = -20,c = 100 
_ -16 + /-16 
= 8 -(-20) + J(-20) - 4(14)(100) 
| -16 + 4i 4 2(14) 
5 _ 20 + ‚/—5200 
=2+ j Е 28 
| 20 + 2013 i 
53. 4x? + 16x + 21 = 0;а = 4,b 216, 6 = 21 28 
; _ 20, 20V13 i 
216+ N(9* - 44 Bo B 
2(4) 23 54. 
_ -16 + ,/-80 pes 
i 8 
_ -16 + 4/8071 
8 
_ -16 + 4/5 i 
i 8 
=-2+ УЗ, 
2 
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59. 


61. 


63. 


65. 


83. 


2р = 5 + 21 
2 = 3 — 4i 
Ld 1 1 ! 1 


ЛЛ LEE = 
_ (3-4) +(5 + 21) 
(54 203—4) 


20852) 
7:23-2144 
_ 23 - 14i(8 + 2i 
A UT туу Бэ 
= 212-66 Ai ie — 0.971 
68 


False. 
Sample answer; (1 + i) + (3 + i) = 4 + 2i which is 
not a real number. 
True. 
xt = 2 +14 = 56 


(--/6) - («i 6) +14 = 56 


36+6+14 = 56 
56 = 56 


Р = -1 

б = -i 

1® = 1 

б = іЧ = і 

1° qu 
=i? = -i 
È = ift =1 
P-iuici 
i? = jut? = -1 
i! = ЙИР = i 
кы = 1 


The pattern i, —1, —i, 1 repeats. Divide the exponent 


by 4. 

If the remainder is 1, the result is i. 
If the remainder is 2, the result is —1. 
If the remainder is 3, the result is —i. 


If the remainder is 0, the result is 1. 


Section 1.5 Complex Numbers 51 


67. ,/-6,/-6 = J6iV6i = 6i? = —6 


69. (a, + bi)(ay + bji) = даў + abi + abi + bbi’ 
(ajay - bby) + (аЬ, + ayb,)i 


The complex conjugate of this product is 

(аа — bib) — (аЬ, + аЬ). 

The product of the complex conjugates is 

(a, — bi)(a; — Ы) = аа, — abi — abi — bb? 


(aa, — bb) — (аЬ, + ађ)і. 


1 


So, the complex conjugate of the product of two 
complex numbers is the product of their complex 
conjugates. 


71. 3x* — 48x? = 3x?(x? — 16) = 3x?(x — 4)(х + 4) 


73. х — 33) +3x-9 


x°(x — 3) + 3(x - 3) 
(x - 3)(x? + 3) 


75. бх? — 27x? — 54x = 3x(2x? -9х- 18) 
= 3x(2x + 3)(x — 6) 


77. x – 3х2 +2 = (x = yp? = 2) 


79. 9x* – 37x? + 4 = (9x? – 1)(x? – 4) 
= (3x + 1)(3х — 1)(х + 2)(x - 2) 


-3,42х-47-Хх 
2-3) +7 - (3) = VI +3 = 4. 


= 1/2х+7—-х 
20) +7-1= J9-122. 


81. (a) Whenx 


c 
шу 
Ё 
[=] 
з 
| 


(à Whenx -3,-/2х-5-4/х-3-1-1/()-5-43-3-1-41-40-1-1-1-0. 


(b Whenx = 7, /2x -5 – /x -3-12 42) -5- 7-3-12 4/9 - J4-123-2-120. 
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85. (а) When x = 129, (x — 4)? = (129 — 4)? = 12578 = 25. 
(b) When x = -121, (x – 4? = (-121 - 4) = (-125? = 25. 
87. (a) When x = 4, 2 pes 3 jad ite 1+1=0. 
х х-2 4 4-2 27 42 
enx 2-1, +1 = +1= 2 +1+1 = 0. 
(b) Wh О СЕЖЕ ia 3 leu bebe 
x vxo -1 -1-2 


89. (a) When x = 3, 


x? — 34| + 4x 6 = (coy 3(-3) + 43) 6-p«9-1-6-0 


(b Whenx = 2, 


х — 3x] + 4x — 6 = (2)? - 32] + 4(2)- 6 = [4-4 +8 -6 = 4 


Section 1.6 Other Types of Equations 


1. polynomial 13. 55 +252 +3x+6=0 


2 = 
3. To eliminate or remove the radical from the equation x'(x + 2) + 3(x + 2) = 0 


Мх + 2 = x, square each side of the equation to (x + 2)(x? + 3) =0 
produce the equation x + 2 = x?. yee OS ye 2 


24 = = š 
5. 6x! — 54x? = 0 х2 +3 = 0 5 х= + 4/31 


ex(x – 9) = 0 15. x4 -402+3= 0 
602 = 0 > х 


02 -9= 05 х= 3 


ll 
© 


(2) -402) +3 = 0 
Let u = x^. 

7. 5x3 + 30x? + 45x u? – 4и +3 = 0 
5х(х® + 6x +9) = 0 (u – 3)(и – 1) = 0 


1 
© 


2 u—-3202u-23 
5x(x + 3) = 0 
u-l=0>u2=1 
5x 2-0 А а 
4350 S553 тт p 
x?z21 х = 3 
9. x*-81-20 х= +1 x = +/3 


x? + O\(x + 3)(х – 3) = 0 
( \ 1 17. 4x* — 65x? +16 = 0 


2: 2 = E 
x 9 = 0 = х= +3; (x?) Е 64) 26:20 


х+3 = 0 = х= -3 


х-3 = 0 5 х= 3 Let u = x’. 
11. x? +512 = 0 4u — 65u + 16 = 0 
x +8 = 0 (4и – 1)(u – 16) = 0 


(x + 8)(x° — 8x + 64) = 0 4u-1=0>u= 


ЕР ы к и-16=0 = и =16 
x! — 8х + 64 = 0 = х= 4 + 44/31 | 
и = 1 и = 16 
х? = 1 х? = 16 
х = +} x = +4 
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19. 


21. 


23. 


2x 49 x = 5 
2x 49x —5 =0 
Xx) +9Vx)-5 =0 
Let u = Vx. 
2u? + 9и – 5 = 0 
Qu – 1)(и + 5) = 0 


2и -1= 0 >u 


Du 
2 
u+5=0>5u=-5 
и = -5 > Xx #—5 
(Vx = —5is not a solution.) 


ae 


C= 


Ale юе юе 


929 + 247 + 16 = 0 
2 
9(r'^) + 24(r5) +16=0 
Letu = t. 
9u? + 24u +16 = 0 
(зи +4) = 0 


чү 
x |= 
S 
N 
+ 
оо 
ЮЕ 
x |= 
QE 
+ 
= 
[97 
Il 
© 


үрдэг 
х 
u? + 8и + 15 = 0 
(и + 5)(и + 3) = 0 
и+5 = 0 љи = –5 
и+3= 0 >и = 3 
и = -5 и = 3 
Icom 1223 
х х 
1 1 
х=—— х=—— 
5 3 


Section 1.6 Other Types of Equations 


2 
25. 2| —* 3pm 2=0 
х+2 х+2 


Let u = 


x42 
2) – Зи –- 2 = 0 
(2и + 1)(и - 2) = 0 
duse) gl 
2 


u-2=0>u=2 


u=-— u=2 
2 
x E X 12 
x+2 2 x +2 
eS 2 x =-4 
3 
27. /5x - 10 = 0 
А/5х = 10 
NES = (10) 
5x = 100 
x = 20 
29. 4+ 3/2x -9 = 0 
4/2х-9 = -4 
3 
(Кох -9) = (-4)’ 
2x -9 = —64 
2x = —55 
EN 
"72 


31. Vx+8=2+x 
(Vx*8) = (2+ х) 
х+8 = х2 +4x+4 
0 = х2 + 3х – 4 
х + 35-4 = 0 
(х + 4)(x - 1) = 0 
х + 4 = 0 > х = —4, extraneous 
1 


х-1= 05 х 


53 
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33. /x —3 +1 = Vx 37. 44/4х 49 = 8x + 2 
Jx-3 =Vx-1 


Матэ) = (е2) 


4 4х + 9 = 8х + 2 
2У74х +9 = 4х +1 


-4 = -24/х 1 
2 
2 s (24x +9) = (4x +1) 
2 - 2 
(y = (Vz) 4(4х + 9) = 16x? + 8x +1 
16x + 36 = 16x? + 8х +1 
4-х 
0 = 16x? — 8x — 35 
35. 2/x+1-V2x+3=1 0 = (4x + 5)(4x – 7) 
2/x+1=14+V2x+3 4х+5=0=— х= -2, extraneous 
о 41) = (1+ 3] TE RR 
A(x +1) = 1+ 25725 € 3 + 2x +3 4 
2х = 22x +3 39. (x – 5)" = 8 
x = /2x +3 (x – 5) = 8? 
x? = 2x +3 х—5 = 4/64 
х2 -2x-3=0 x=5+4=9 
(x — 3)(х +1) = 0 1 2 
x-3202x23 а. 2-5) = 27 
х +1 = 0 > x = –1, extraneous (2-5) -27 
x — 5 = 427 
х =5+9 
х2 = 14 
х = +/14 


аз, 3x(x - 1)" + 2(x - 1) =0 
(x - )^[8x + (x - )] = 0 


(x -1)^(5x -2) = 0 


(x-)^202x-1-02x-1 


2 


5х-2 = 0 5 х = $, extraneous 


45. i = 3 
x x-l 


= x(x + 1)(3) 


x +1 
x +1—x = 3x(x +1) 
1 = 3x? + 3x 
0 = 3x7 + 3x -1 


=з + JBF - 4) —) _ -3+ Vai 
2(3) 6 


x= 
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47. 1525-05-24) 49. хїї x+l_ o 
x X 3 x+2 
БИН зо) зро) ung 
х х 3 х +2 
2 x + 2)(х +1) – 3(х +1) = 0 
(D +1{]-з-о (x + 2 (x + 1) - Xx + 1) 
x x х2 4+3x+2-3x-3=0 

2 pe 
2342 " л 
х (x + (х= 1) = 0 
5и? + 14и -3 = 0 x+1=0>5x2=-1 
(5u - 1)(и + 3) = 0 x-1=0>x=2=1 
1 
и-1=бжи=-— 51. |2x-5|=11 
dudes 25-5 = 115 х= 8 
1 -(2x - 5) =11 > x = -3 
и = — u = -3 
5 
E ед 
x 5 x 
X mS posta t 
3 
53. |x| = x? + x - 24 
First equation: Second equation: 
x2xl4x-24 -x = x? +x — 24 
x!-24-20 x! + 2х – 24 = 0 
x? = 24 (х + 6)(x – 4) = 0 
x = +24/6 x+6=0>x=-6 


x-4=0>x=4 


Only x = 24/6 and x = —6 are solutions of the original equation. x = -24/6 and x = 4 are extraneous. 


55. |х+1|=х®—5 


First equation: Second equation: 
x+l=x -5 -(х +1) = х2 -5 
х2 -х-6 = 0 -x-12x?-5 
(x — 3)(x + 2) = 0 xX +x-4=0 
x-3=0>x=3 Ля 
х+2=0 = х= -2 Ет 
Only x = 3andx = Ш-УЧ-ы. solutions of the original equation. x = —2 and x = TUM am extraneous. 
57. (a) - (c) 0 = x° -2x!-3x 
-9 9 0- х(х + (x - 3) 
х-0 
7 х+1= 0 5 х= -–1 
(b) x-intercepts: (-1, 0), (0, 0), (3, 0) Hex eem 


(d) The x-intercepts of the graph are the same as the 
solutions of the equation. 
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59. (a) [2 


-6 


(b) x-intercepts: (5, 0), (6, 0) 


(c) 0-2 У11х -30- x 
x = J1lx — 30 
x? = 11х — 30 


x!-11x + 30 = 0 
(х= 5)(x - 6) = 0 
х-5= 05 х= 5 
х-6= 0 х= 6 
(d) The x-intercepts of the graph are the same as the 


solutions of the equation. 


61. (a) = 


(b) x-intercept: (-1, 0) 


(с) 122 : 
x x-1 
(х= 1) - 4x - x(x — 1) 


-1 


з 


0 
0-x-1-4x-x*x 
0 = -x? -2x-1 
0-2x?-2x«1 

0 = (x +1) 
x+1=0>x=-l 


(d) The x-intercept of the graph is the same as the 
solution of the equation. 


63. (a) Е 


(b) x-intercepts: (1, 0), (—3, 0) 


(c) 0 = |[x «1| -2 


2 = |х +1 
х+1= 2 or -(х+1) = 2 
х= 1 ог -х-1 = 
-х = 3 
x=-3 


(d) The x-intercepts of the graph are the same as the 
solutions of the equation. 


65. х? — 3х2 – 1.21х + 3.63 = 0 

x°(x — 3) — 1.21(x - 3) = 0 

(x = 3)(x? — 1.21) = 0 

(x = 3)(x + 1.1)(x - 1.1) = 0 
x53, $11 


67. 32x! - 1.5x? - 21 = 


Using the positive value for x?, we have 


= [1.5 з 21038. 


69. 7.08x° + 4.150 — 9.6 = 0 
a=7.8,b = 4.15,с = —96 


_ = 4.15 + (4.15). — 4(7.08)(-9.6) 
2(7.08) 
_ =4,15 + 4/2.89.0945 


14.16 


НЬ = + \/289.0945 


14.16 


_ = — 289.0945 


14.16 


x 


= 0.968 


1.143 


u 


71. 11.5 – 5.64/х = 0 


—5.64/х = -11.5 
Jy = 215 


73. 1.8x — 6\/x — 5.6 = 0 Given equation 
2 
Lex) - ex - 5.6 


Use the Quadratic Formula witha = 1.8, b = —6, 
and c = —5.6. 


det ыы шы е е | 


2(1.8) 3.6 


0 


Considering only the positive value for Vx , we have 


Км 


x 


4.0934 
16.756. 


u 


u 
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75. 4x73 + 8x3 + 3.6 = 0 83. 4/3, —\/3, and 4 


a = 4,b = 8, с = 3.6 One possible equation is: 


„ 858 - 4409 (x - B)(x - (-3) - 4) = 0 


x 


20) (x - V3)(x V3) - 4) = 0 
3 
x= E E ч = —0.320 (x? —3)(х-4)=0 
: x -4x-3x +12 =0 
Aes 8-764] _ 2.280 Any non-zero multiple of this equation would also have 
8 these solutions. 
5 85. i,-i 
77. x3 - —x -33 = 0 
11 Sample answer: (x — i)(x — (-i)) = 0 
20102 As? — 41-33) (x (5 +1) =0 
20) 32-012-0 
х = -1.603, 2.058 оо хэв 
79. -4,7 87. -1,1,1, and -i 
Sample answer: (x — (-4)(x – 7) = 0 One possible equation is: 
(x + 4)(x- 7) = 0 (x = (-1))(x - 1)(x - i(x - i) = 0 
2 = 
a pe (x + I(x - I(x - d(x + i) = 0 
81. -2, £ (x? -1)(x? +1) =0 
One possible equation is: x*-120 
x= = => 3x=-7 3x + 7 isa factor. Any non-zero multiple of this equation would also have 
x= £ => 7x =6 7х — 6 is a factor. орно 


(3х + 7)(7х - 6) -0 
2152-31х-42-0 


Any non-zero multiple of this equation would also have 
these solutions. 


89. Labels: Let x = the number of students in the original group. Then, — the original cost per student. 


700 


x 


When six more students join the group, the cost per student becomes - 7.50. 


Model: (Cost per student) - (Number of students) = (Total cost) 


1700 
Equation: (= - г5р * 6) - 1700 
х 


(3400 — 15x)(x 6) 2 3400x Multiply both sides by 2x to clear fraction. 


-15x? — 90x + 20,400 = 0 


_ 90 +,/(-90)" — 4(-15)(20,400) | 90 + 1110 
2(-15) =30 


Using the positive value for x, we conclude that the original number was x = 34 students. 
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91. 


97. 


99. 


Chapter 1 Equations, Inequalities, and Mathematical Modeling 
: Dist nt 
Model: Time = 2 93. А = р1+ 2 
Rate n 
Labels: Let x = average speed of the plane. (12)(5) 
Then we have a travel time of 2694.58 = ase + z) 
t = 145/x. If the average speed is 12 
increased by 40 mph, then 2694.58 — (228 * 
12 145 2500 12 
60 x40 ‚ү? 
145 | 1.077832 = | t z) 
t = 40 + P 
xc 
yoo — r 
Now, we equate these two equations and 078892) is 12 
Ive for x. 
SP SE ge [(1.0.77832)" -1|12) => 
Eguation: 145 145 1 
quation: p р + 5 г = 0.015 = 1.5% 
145(5)(х + 40) = 145(5)х + х(х + 40) 95. When С = 2.5 we have: 
2 2 
725x + 29,000 = 725x + x^ + 40x 95 = 02x 41 
0 = x? + 40x — 29,000 6.25 = 02x +1 
Using the positive value for x found by the 5.25 = 0.2x 


Quadratic Formula, we have x = 151.5 mph 

and x + 40 = 191.5 mph. The airspeed required to 
obtain the decrease in travel time is 191.5 miles per 
hour. 


26.25 = 26,250 passengers 


+ 
Il 


T = 75.82 — 2.11х + 43.51Vx,5 < x < 40 


75.82 — 2.11x + 43.514 / x 
-2.11х + 43.514/х — 136.18 


(a) 212 
0 


16.77928 => x = 281.333 
3.84787 = x = 14.806. 


u 


By the Quadratic Formula, we have Ix 
„х 
Since х is restricted 05 € x < 40, let x 


(b) 2 


2277 (14.806119, 212) 


u 


14.806 pounds per square inch. 


37.55 = 40 — A/0.01x +1 
\1/0.01х +1 = 2.45 
0.01x + 1 = 6.0025 
0.01x = 5.0025 
500.25 


Rounding x to the nearest whole unit yields x = 500 units. 


x 
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101. 


t 1+3 

2c 3)-+ 2r 3)— e 
t t+3 

2(t + 3) + 2t = 

2t+6+ 21 = 

0= 

0= 

1-3- 

1-2 


ll 


Nl 


ar 3) 
t(t + 3) 
2-3 
2-1-6 
(t — 3)(t + 2) 
0>t=3 


0212-2 


Since ¢ represents time, f = 3 is the only solution. It 
takes 3 hours for you working alone to tile the floor. 


103. d= 20 
k 
4? = 20 
К 
ак = 2U 
kd? 
— =U 
2 


105. False. See Example 7 on page 125. 


107. The quadratic equation was not written in general form 
before the values of a, b, and c were substituted in the 
Quadratic Formula. As a result, the substitutions in the 


Quadratic Formula are incorrect. 


109. The distance between (3, -5) and (x, 7) is 13. 


Je -3y +(-5-7) =13 
(3-3) + (-12)^ = 132 
x! — 6x +9 + 144 = 169 


х2-6х-16-0 
(x – 8)(x + 2) = 0 
x-8=0>x 


х+2 = 0 > х 


8 
= –2 


Both (8, 7) and (- 2; 7) are a distance of 13 from 


(3,-5). 


Section 1.7 Linear Inequalities in One Variable 


59 


111. 2 11-0-9-8-7-6-3 ^ 
-5 > -12 
113. i 5 
М = 1 f 
324 
4*5 
-92 -65 
115. 4314-21-01 
-12-11-10 -9 -8 -7 -6 -5 
-6.5 > -9.2 
117. The inequality x € 3 denotes the set of all real 


119. 


121. 


123. 


125. 


127. 


numbers less than or equal to 3. 


The inequality -5 « x « 5 denotes the set of all real 
numbers greater than —5 and less than 5. 


The interval (2, eo) denotes the set of all real numbers 


greater than 2; x > 2. 


+ ————- : 


0 1 2 3 + 


The interval [-10, 0) denotes the set of all real 


numbers greater than or equal to —10 and less than 0; 
-10 < x <0. 


-10 -8 -6 -4 -2 wn 
5x - 7 =3x+9 
2x = 16 
х= 8 
ЕРТЕГ 

2 
СРЕ Зе 
2 
em 
2 
Xx m2 


Section 1.7 Linear Inequalities in One Variable 


1. solution set 


3. double 


5. 


The inequalities x — 4 < 5 and x > 9 are not 
equivalent. The first simplifies to 

x— 4< 5 — x < 9, which is not equivalent to the 
second, x » 9. 
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7. Interval: [-2, 6) -m 31. 3.6x +11 2 -3.4 -1---ЇБГэ--: 
2 0 2 4 6 s dd -6 -S -4 -3 -2 
Inequality: -2 < x < 6; The interval is bounded. 3.6x 2 14. 
х2-4 
9. Interval: |-1, 5] —pD————-—-—-—:s 
-2-1 0 123 4 5 6 33. 1<2x+3<9 4—4} + ‹ 
Inequality: —1 < x < 5; The interval is bounded. vr 400 1 2 3 
-l<x<3 
А so ьа 
11. Interval: (1 1, ) . de X de 3 


35. -1 < -(x-4)<7 . eee: 


SF 22-1 0 4^2 3 4 5 
12х-4»-7 
T oe -————J]——————-. 
13. Interval: (е, 7] ээрээ ҮЛ 2 52x»-3 
Inequality: —9 < x € 70r x < 7; The interval is -3«х55 
unbounded. " : 
x- 9 15 
. -4< «4 73 2 
15. 4x « 12 == ff a х d 3 + й-ч-э-Э-4-4-33-3 
! 2 3 5 -6-4-2 0 2 4 6 8 
1(4х) < 1(12) -12 < 2х -3 < 12 
хага -9 < 2x < 15 
9 15 
1. -2х»-3 3 DIM 
1 шээж <j  t 
2l 2x) «( B 3) 2-1 0 1 2 3 -х-2 : 
х < 3 39. -1 < 3 51 -6-5-4-3-2-1 0 1 2 
-3 < -x -2 <3 
19. 2x -5> 7 =e -l<-x<5 
5 8 
2x > 12 1>х>—5 
x26 -5<x<l 
21. 2x +7<3+4+ 4x —— r 4: 
0 1 2 3 4 41. |x| < 5 -5 5 
-2х < 4 —4——————4)+— ‹ 
T -6-4-2 0 2 4 6 
458 5«x«5 
23. 3x -4 24-5 ——— LLL : <e: 
* " a d 1 2 3 4 | 43. НЫ -3 9 ot 0b 2-3 
8x28 2 
x21 22441 o 2>1 
2 2 
25. 4 — 2x « X(3 - x) ——À———— x x«-2 x >2 
з 4 5 6 7 
4—2x < 9 – 3х 45. |x - 5| « -1 
x«5 
No solution. The absolute value of a number cannot be 
27. 2-6 € x— 7 — F: less than a negative number. 
4 x 2 3 4 5 6 
-1x < -1 47. |7 - 2x| > 9 
x24 7-2x<-9 or 7-2x2 
—2x < -16 —2х 2 
29. l(8x + 1) 2 3x + 5 E: 
2 2 0 1 2 3 4 x28 x<-l 
4х +42 3x +3 E 
<J Бә: 
x22 -200 2 4 6 8 10 
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= 11 < 
49. 53> 4 : (b) y <0 
2 -15-10-5 0 5 10 15 3x -1<0 
BS д or ——— 24 3х 51 
2 х<1 
х-3 < -8 х-3 > 8 
5 
x < —5 x > 11 
51. 8-3x 22 29) 5 
-3x 2-6 
x<2 -5 
10 
61. y = -ix42 
-10 10 (a) OS y <3 5 
0<-х+2<3 
i -2 < -ix «1 -6 6 
53. 4(x -3) € 8- x 4>x>-2 72 
4х-1158-х (b) у> 0 
5х < 20 -lx4220 
х<4 
75 —x2-2 
x<4 
-10 10 
63. y =|x - 3| 
-10 (а) y <2 5 
10 |х ~ 3| 52 
- 81< 14 
55. |x - 8| Wege. " 
-14 < x-8 < 14 -10 24 1<х<5 
-2 
—6<х< 22 (b) y24 
-10 |x -3|2 4 
57. 2|x +7|2 13 х-35- or x-324 
13 x<-l or x27 
+7<-3 +728 
pod A Б 2 i 65. The midpoint of the interval 1-3, 3] is 0. The interval 
x <-> x 2-5 
2 represents all real numbers x no more than 3 units 
10 from 0. 
|x -0| < 3 
-15 |= 1 
|х] < 3 
71e 67. The graph shows all real numbers at least 3 units from 
59. y = 3x - 1 7. 
(a) y 22 X — 7| 23 
3х-122 А 
69. АП real numbers less than 3 units from 7 
3x 23 
x-— 7 23 
x21 


71. All real numbers less than 4 units from —3 


x - (-3|« 4 


|x +3|<4 
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73 


75. 


77. 


79 


81. 


83. 


85 


Chapter 1 Equations, Inequalities, and Mathematical Modeling 


. $725 < P € $7.75 
r < 0.08 


r = 220 — A = 220 - 20 = 200 beats per minute 
0.50(200) < r < 0.85(200) 
100 < r < 170 


The target heart rate is at least 100 beats per minute 
and at most 170 beats per minute. 


. 9.00 + 0.75x > 13.50 
0.75x > 4.50 


х > 6 


You must produce at least 6 units each hour in order to 
yield a greater hourly wage at the second job. 


1000(1 + r(10)) > 2000.00 
1+10r > 2 
10r > 1 
г> 0.1 


The rate must be greater than 10%. 


R>C 
115.95x > 95x + 750 
20.95x > 750 

x = 35.7995 


x 2 36 units 


. Let x = number of dozen doughnuts sold per day. 
Revenue: R = 7.95x 
Cost: C = 1.45x + 165 


P=R-C 
= 7.95x — (1.45x + 165) 
= 6.50x — 165 


400 < P < 1200 

400 < 6.50x — 165 < 1200 
565 < 6.50x < 1365 

86.9 < x € 210 


The daily sales vary between 87 and 210 dozen 
doughnuts per day. 


I^ 


lA 


87. (a) Г 


0 5 
0 


(b) From the graph you see that y 2 3 whenx 2 2.9. 
(c) Algebraically: 
3 < 0.692x + 0.988 
2.012 < 0.692x 
2.91 


x 


л 


х 
2.91 


IV 


89. W = 0.6031 + 32.23, 10 € t € 18 
(a) 40 < 0.693; + 32.23 < 42 
7.77 < 0.693t < 9.77 

11.21€ t < 14.10 


Between 2011 and 2014, the mean hourly wage was at 
least $40, but no more than $42. 


(b) 0.693t + 32.23 > 44 
0.693t > 11.77 
t > 16.98 
The mean hourly wage exceeded $44 in 2016. 


= 13.7 17.5 
91. : а <1 8—9) 1 
1.9 12 13 14 15 16 17 18 19 
pue «I 
1.9 
-1.9 < t – 15.6 «1.9 
13.7 < t < 17.5 


Two-thirds of the workers could perform the task in the 
time interval between 13.7 minutes and 17.5 minutes. 


93. loz = : Ib, so : 02 = Ib. 
16 2 32 


1 
Because 8.99 . 37 — 0.2809375, you may be 
undercharged or overcharged by $0.28. 


95. True. This is the Addition of a Constant Property of 
Inequalities. 


97. False. If -10 < х € 8 ћеп10 > —хапа-х > -8. 


99. Answer not unique. Sample answer: x < x + 1 


101. Bx m 4| is always greater than or equal to 0, so the 


inequality is true for all real numbers 
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107. 2x — Зх? = 32x — 48 
(x = 3)(х + 2) = 2x3 — 3x? — 32x + 48 = 0 
шан ны х2(2х — 3) – 16(2x - 3) = 0 
105. 4x? — 5x = 6 (х2 – 16)(2x -3) = 0 
4x? – 5x -6=0 (x — 4)(x + 4)(2x - 3) = 0 
(4x + 3(x - 2) = x = +4, 3 
x= 4,2 
109. 2x-7 .4 
x-5 
2x —7 = Зх — 15 
8-2x 
11. y= x? - 25-3 = (х 3)(х + 1) 
y = x? + 2x — 3 => No y-axis symmetry 
—2x -3 > y =-x? + 2x +3 => No x-axis symmetry 
3 > -y =x? +2x-3 = y = -x? - 2x + 3 > No origin symmetry 


x-intercepts: (-1, 0)(3, 0) 
y-intercept: (0, —3) 
113. y = 64 – 4x? 


y = 64 – 4-х) => у = 64 – 4x? = y-axis symmetry 
-y = 64 – Ax? => y = -64 + Ax? => No x-axis symmetry 


y = 64 – 4(-х) > -y = 64 


y 
A 
80 + 


70 + (0, 64) 


x-intercepts: (+4, 0) 


y-intercept: (0, 64) 


4x? => y = -64 + 4х2 => No origin symmetry 


63 
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Section 1.8 Other Types of Inequalities 


1. positive; negative 


3. The key numbers of the inequality are —2 and 5. 


5. x7 -3 < 0 
(а) x23 (0) х= 0 
2 ? 2 ? 
(3) -3 < 0 (0) -3 < 0 
6 ¢ 0 3 «0 
No, x = 3 is not Yes, х = Ois 
a solution. a solution. 
+2 
Te 23 
-4 
(а) xm (b) х= 4 
? 
5-2 53 4-2 i3 
5-4 4—4 
2 6. 
fi — is undefined. 
0 
Yes,x = 51% No, x = 4 is not 
a solution. a solution. 


9. x? — 3x -18 = (x + 3)(x - 6) 
х+3= 0 = х= -3 
х-6= 05 х= 6 


The key numbers аге —3 and 6. 


14+1(x-5 
ipsi ce ЕШ = 
x-5 x-5 
_x-4 
x-5 


х-4= 0 5 х= 4 
х-5 = 0 х= 5 


The key numbers аге 4 and 5. 


(c) 


Equations, Inequalities, and Mathematical Modeling 


Yes, x = 


Nju 


a solution. 


9. 
No, x = —— is not 
2 
a solution. 


13. 2x2 + 4x < 0 
2x(x t 2) « 0 


(d хэ-5 


(5|-3-« 0 
22 « 0 


No, x = —5 is not 


a solution 


9 
(d) шиг 


Yes,x = 2 d 
2 


a solution. 


Key numbers: x = 0,-2 


Test intervals: (—ee, —2), (—2, 0), (0, e») 


Test: Is2x(x + 2) < 0? 


Interval x-Value 
(==)  -3 
(7-2, 0) -1 
(0, оо) 1 


Value of 
2x(x + 2) 


6 


Conclusion 


Positive 
Negative 


Positive 
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15. 


17. 


x!«9 
x-9«0 
(x + 3)(x — 3) « 0 
Key numbers: x = +3 
Test intervals: (-өө,-3),(-3, 3), (3, оо) 
Test: Is (x + 3)(x – 3) < 0? 


Interval x-Value Value of x? — 9 
(-өө,-3) -4 7 
(-3,3) 0 -9 
(3, оо) 4 7 


Solution set: (-3, 3) 
-4-3-2-1 0 1 2 3 4 


(x +2) < 25 
x? + 4х + 4 € 25 
x +4х—21<0 
(x + 7)(x – 3) 0 


IA 


Key numbers: x = —7,x = 3 
Test intervals: (—ee, –7), (- 7, 3), (3, оо) 


Test: Is (x + 7(x - 3) < 0? 


Interval x-Value Value of 
(x + 7)(x – 3) 
(79, –7) 8 — (dps 
(77,3) 0 (7)(-3) = -21 
(3, оо) 4 (11)(1) = 11 


Solution set: [- 7, 3] 
-7 3 


-8 -6 -4 -2 0 


N 
4 
a 


Conclusion 
Positive 


Negative 


Positive 


Conclusion 


Positive 
Negative 


Positive 


Section 1.8 Other Types of Inequalities 65 
19. x? + 6x +12 -7 
x? + 6x +82 
(x + 2)(x + 4) > 
Key numbers: x = —2,x = —4 
Test Intervals: (—«e, —4), (-4, -2), (-2, оо) 
Test: Is (x + 2(x + 4) > 0? 
Interval x-Value Value of Conclusion 
(x + 2)(x + 4) 
(79s, -4) -6 8 Positive 
(74, -2) -3 -1 Negative 
(72, ~) 0 8 Positive 
Solution set: (-e», — 4] U [-2, өө) 
22012207 
21. х2-х«6 
х2 +х-6<0 
(х + 3)(x – 2) < 0 
Key numbers: x = -3,x = 2 
Test intervals: (о, —3), (-3, 2), (2, ~) 
Test: Is (x + 3)(x - 2) « 0? 
Interval x-Value Value of Conclusion 
(x + 3)(x - 2) 
(-өө,-3) 4 (-0(-6) = 6 Positive 
(-3, 2) 0 (3)(-2) = -6 Negative 
(2, оо) 3 (6)(1) = 6 Positive 
Solution set: (-3, 2) 
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23. 


27. 


Chapter 1 


x!«3-2x 
x)!-2x-3«0 
(x + 3)(х -1) < 0 
Key numbers: x = —3,x = 1 
Test intervals: (—ee, —3), (—3, 1), (1, e») 


Test: Is (x + 3)(x — 1) < 0? 


Interval x-Value Value of 
(x + 3)(х – 1) 
С) -4 DES) =5 


(-3.1) 0 (3)(-1) = -3 


х – 3x7 -x+3>0 
x°(x -= 3) -(x - 3) >0 
(x - 3)(x? -1) > 0 

(x - 3)(x + I(x - 1) > 0 


Key numbers: x = —l, x = 1x = 3 


Conclusion 


Positive 
Negative 


Positive 


Test intervals: (– ә, —1), (-1, 1), (1, 3), (3, =) 


Test: Is (x — 3)(x + 1)(х – 1) > 0? 


Interval x-Value 
(==, -1) -2 
(1,1) 0 
(1,3) 2 
(3, =) 4 


Solution set: (-1,1) о (3, ~) 


x 
-3-2-101234567 
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Value of (x — 3)(x + D)(x — 1) 


25. 


Equations, Inequalities, and Mathematical Modeling 


3x? -1lx > 
3x? -11x - 20 > 0 
(зх + 4)(x — 5) > 


Key numbers: x = 5,x = -4 


Test intervals: (—=, —4), (-4, 5), (5, оо) 


Test: Is (3x + 4)(x — 5) > 0? 


Interval x-Value Value of 
(3x + 4)(x — 5) 
(-=.-3) 3 (-5-8)-40 
($5 о (465) = -20 
(5, eo) 6 (22)(1) = 22 
Solution set: (-е, -4) U (5, оо) 
z4 
3 
—À ко Бин л 
-2-101 2345 6 


Conclusion 
Negative 
Positive 
Negative 


Positive 


Conclusion 


Positive 
Negative 


Positive 
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—x + 7x7 9x > 63 
xX — 7x? - 9x < -63 
xX = 7x? — 9x + 63 < 0 
x?(x — 7) — 9(x – 7) <0 
(x - T(x? = 9) «0 
(x - 7) х + 3)(x - 3) «0 
Key numbers: х = —3,x = 3, х = 7 
Test intervals: (—е, —3), (—3, 3), (3, 7), (7, =) 


Test: Is (x — 7)(x + 3(x - 3) < 0? 


Interval x-Value Value of (x — 7)(x + 3)(x — 3) Conclusion 
(79s, -3) -4 (-11)(-1)(-7) = -77 Negative 
(-3, 3) 0 (-7)(3)(-3) = 63 Positive 
(3, 7) 4 (-3)(7)(1) = -21 Negative 
(7, =) 8 (1)(11)(5) = 55 Positive 
Solution set: (-өө,-3) U (3, 7) 

-3 3 7 
446—4: 


4x — 6x! < 0 33. (x - 1) (x +2) 20 
2х2(2х - 3) < 0 
Key numbers: x = 1, х = -2 
Key numbers: x = 0, х = - 2 : 
Test intervals: (о, -2) => (x – 1) (х + 2) «0 


Test intervals: (—%, 0) = 2х?(2х зарє 0 (-2, 1) => ( n( FE ay >0 
=, A 7 X 

0,3) > 2 > 2x°(2x - 3) < 0 
( 3) > > х?(2х ) < (1 =) 2 (x - 1) (x +2) > 0 


3 2 = 
(5 ) = 2х(2х-3)>0 Solution set: [—2, оо) 


Solution set: (е, 0) U (0, i ————— p: 


2 


. 4х2 -Ax +1<0 
x-1? <0 


Ц 
Key number: x = 5 


Test Interval x-Value Polynomial Value Conclusion 
(7.3) x20 [2(0) -1р = 1 Positive 
UL x=l [XD - IP 2 1 Positive 


The solution set consists of the single real number +. 
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37. 


39. 


Chapter 1 Equations, Inequalities, and Mathematical Modeling 


х2 – 6х +12 < 0 

Using ће Quadratic Formula, you сап determine that ће key numbers агех = 3 + зї. 
Test Interval x-Value Polynomial Value Conclusion 
(—оо, оо) х= 0 (0)2 – 6(0) + 12 = 12 Positive 


The solution set is empty, that is there are no real solutions. 


4x -1 


> 0 
х 
1 
Key numbers: х = 0, х = 2 
Test intervals: (—ee, 0), (0. 1), (1 co) 
Test: Is 52 Бай! > 02 
х 
4x -1 . 
Interval x-Value Value of Conclusion 
x 
(—°°, 0) E — = 5 Positive 
1 
1 1 22 
0,7 i. —4 2-4 Negative 
| ) 8 1 
8 
5 Du 1 3 -3 Positive 
4 1 
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41. Зх+5 22 
х-1 
3х+5_„ 
x-1 
3x +5 – 2(х - 1 
Seto 26-1 24 
х-1 
х+7 2g 
х-1 
Key numbers: x = —7,x = 1 


Test intervals: (—ee, — 7), (—7, 1), (1, ~) 


Test: Is LII < 0? 


x = 


Interval x-Value Value of ~ ыг Conclusion 
(795, -7) -8 = = 5 Positive 
(-7, 1) 0 — : = –7 Negative 
(1, =) 2 Е = : =11 Positive 
Solution set: (—7, 1) 
-7 1 
ш = ta x 
48 26 -4 -2 0 2 
2 1 x? + 2x 
: » < 
ids x+5 x-3 ыг гаг” 
= - 0 xx*2) . 
dec MAE Sx (x + 3)(x – 3) ` 
2(x = 3) – 1 
S 2 5 t à) 20 Key numbers: x = 0, х = -2,x = +3 
(x + 5)(x — 3) 
2 
х-11 0 Test intervals: ( oo, 3) => ae Ы ) > 0 
(х + 50-3)” (x + 3) - 3) 
Key numbers: x = -5,x = 3, х = 11 (-3,-2) > t 2) 3 <0 
x + 3\(x – 
? -11 
Test intervals: (—ee, —5 £ 0 
est intervals: ( ЫЫ cm ^ 29) = P j^ 
x + 3)(х – 
х-11 
-5,3 ——————— » 0 
(5355 u136-3^ $32 ED cg 
ais een die. 
, (х + 5)(x – 3) (3,6) > x(x + 2) ЭР 
х-11 (x + 3)(x - 3) 
(11, =) > ——~___ > 0 
(x + 5)(x — 3) Solution set: (-3, —2] v [0, 3) 
1 : (— co A e 
Solution set: (—5, 3) U (11, оо) Hen 


-5 11 
Р х 
-9-6-3 0 3 6 9 12 15 
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3 | 2х 21 Е 2x? 
x-1 x41 "SN EA 
3(x +1) + 2x(x — 1) + U(x + I(x - 1) T 
(x = I(x 4 1) T 
Зх +x+2 20 
(x — 1)(x + 1) -6 6 
Key numbers: x = -L,x = 1 -2 
2 21 < – > 2, 
Test intervals: (ee, –1) => шаг @ y шан BONS 
(x - 1)(x + 1) This can also be expressed аз |х | > 2. 
2 
(14) = как «0 (b) y < 2 for all real numbers x. 
(x - 1 х + 1) 
5 This can also be expressed as —99 < X < оо, 
(1 ) - 3x +x4+2 > 0 
кен 57. 03x? + 6.26 < 10.8 
Solution set: (ә, —1) U (1, e») 0.3x? + 4.54 « 0 
HH Key numbers: x = +3.89 
-4 -3 -2 -1 012 3 4 
Test intervals: (– оо, —3.89), (—3.89, 3.89), (3.89, оо) 
2уз-х + 2х £3 Solution set: (-3.89, 3.89) 


59. 12.5x + 1.6» 0.5x? 
-0.5x? + 12.5х + 1.6 > 0 
-5 T 
Key numbers: х = —0.13, x = 25.13 


(a) y < Owhenx < -lorx 2 3. Test intervals: (—co, 0.13), (—0.13, 25.13), (25.13, e) 


(b y 23whenü < x < 2. Solution set: (-0.13, 25.13) 


peur -ix 61. m, 
: 2.3х = 5.2 
€— 
23x = 52 
ши ы 1 = 3.4(2.3x - 52) 
>0 
23x = 52 
= -7.82х + 18.68 200 
(à y 2 Owhen-2 < x < 0012 < x < о. 2.3% = 5.2 
(b) y < бућепх < 4. Key numbers: x = 2.39, x = 2.26 
à Test intervals: (—ee, 2.26), (2.26, 2.39), (2.39, œ) 
x 
.у = 2-0 Solution set: (2.26, 2.39) 


(a) y € Owhen0 < x < 2. 
(b y > 6when2 < x < 4. 
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65. 


67. 


s = —16t? + vot + sy = 162 + 1601 


(a) -162 +160 = 0 
-16(0-10) = 0 
t=0,t = 10 
It will be back on the ground in 10 seconds. 
(b) -16r + 1601 > 384 
—16t? «160: – 384 > 0 
—16(t? – 10t + 24) > 0 
2 -10 + 24 < 0 
(¢ -— 4(t— 6) < 0 
Key numbers: ¢ = 4,¢ = 6 
Test intervals: (—о°, 4), (4, 6), (6, оо) 


Solution set: 4 seconds < t < 6 seconds 


R 


P=R=C 
= (75x — 0.0005x?) — (30x + 250,000) 


—0.0005x? + 45x — 250,000 
P 2 750,000 
—0.0005x? + 45x — 250,000 > 750,000 
—0.0005x? + 45x — 1,000,000 > 0 


IV 


Key numbers: x = 40,000, x = 50,000 


(These were obtained by using the Quadratic Formula.) 


Test intervals: 

(0, 40,000), (40,000, 50,000), (50,000, е) 
The solution set is [40,000, 50,000] or 
40,000 < x < 50,000. The price per unit is 


р = R = 75 — 0.0005x. 
x 


For x = 40,000, p 
So, for 40,000 < x 


л 


4-x? 


(2 + х)(2 - x) 


IV 


0 
0 


IV 


Key numbers: x = +2 


Test intervals: (-9, -2) > 4- х? < 0 
(-2,2) > 4-х? >0 
(2,0) > 4-x7 <0 


Domain: [-2. 2] 


x(75 — 0.0005x) and С = 30x + 250,000 


$55. For x = 50,000, p = $50. 
50,000, $50.00 € p < $55.00. 


Section 1.8 Other Types of Inequalities 71 


69. 


71. 


IV 


0 
0 


x? — 9x + 20 
(x — 4)(x — 5) 


IV 


Key numbers: x = 4, х = 5 


Test intervals: (—«e, 4), (4, 5), (5, e») 


Interval x-Value Value of 

(x - 4) х - 5) 
=) 0 — (-4)(-5) = 2 
«3. t: 9-4 
69 6 — (2) =2 


Domain: (—ee, 4] v [5, ©) 


Хо 

x? - 2x – 35 

__* 20 

(x + 5)(x - 7) 
Key numbers: x = 0,x 2-5,x = 7 


Conclusion 


Positive 
Negative 


Positive 


Test intervals: ( оо, 5) = 


Domain: (—5, 0] о (7, ©) 
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88-1. . 2L + 2W =100 -50-L 
mop SCC o cag T 00 2 W 
1 = 0.0387 LW > 500 
(а) F L(50 — L) > 500 


-D + 50L — 500 
By the Quadratic Formula you have: 


Key numbers: L = 25 + 54/5 


IV 
© 


©) S= 52.88 — 1.89t Test: Is –12 + 50L — 500 > 0? 
dec URSI Solution set: 25 — 54/5 < L < 25 + 54/5 
т е 13.8 meters < 1, € 362 met 
1— 0038 .8 meters € L < 36.2 meters 
« 52.88 — 1.891 — 57 79. False. 
1 — 0.038t ? : 
-412 + 0.2761 There are four test intervals. The test intervals are 
5 + О. 
gare ase =, —3), (—3, 1), (1, 4), and (4, с). 
121027 (=, 3) (73.1) (1, 4), and (4 =) 
Key numbers: 14.9, 26.3 81. т For part (b), ће y-values 
Use the domain of the model to create test intervals. that are less than or 2 to 
- 10 = — 
Test Interval t-Value Value of expression Conclusion босо enlye a ! 
(10, 14.9) 11 -0.76 Negative 
-10 
(14.9, 18) 15 0.01 Positive 2 


For part (c), there are no 


The mean salary was less than $57,000 for / « 14.9, or y-values that are less than 0. 


during the year 2014. -10 10 
(c) Sample answer: No. For t « 22, the model rapidly 

increases then decreases. -10 

75. (a) T For part (d), the y-values 
d 4 6 8 10 12 that are greater than 0 occur 
Load | 2223.9 | 5593.9 | 10,312 | 16,378 | 23,792 = 10 for all values of x except 2. 
L 
-10 

€ 25000 i 

P 20,000 83. — is undefined when x = 0. The correct solution set is 

1 15,000 х 

E 10,000 (0, со). 

$ 5,000 

85. х2 +bx+9=0 
Бал 2, 05654 (а) То have at least опе real solution, b? — 4ac > 0. 

(b) 2000 < 168.54? – 472.1 b? — 4(1)(9) = 0 

2472.1 < 168.54? b -3620 

14.67 « 4? Key numbers: b = —б,Ь = 6 

383 < d Test intervals: (—%, -6) => b? – 36 > 0 

The minimum depth is 3.83 inches. (-6,6) > b? – 36 < 0 


(6, оо) => b? – 36 > 0 
Solution set: (е, —6] о [6, оо) 
(b) b? — 4ac 2 0 
Key numbers: b = -24Лас, b= 2V ac 


Similar to part (a), ifa > 0 andc > 0, 


b € -2N ac or b 2 24 ac. 
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87. 33! + bx +10 = 0 
(a) To have at least one real solution, b? — 4ac > 0. 
b? — 4(3)(10) = 0 
b? -120 > 0 
Key numbers: b = -24/30, b - 24/30 


eo, - 24/30) => b? -120 > 0 
24/30, 24/30) > b -120 < 0 
24/3 ‚ ) > b - 120 > 0 


Solution set: (7s. -2 30 | U [ 2/30, 5) 


(b) b? - 4ac 2 0 
Similar to part (a), if a > 0 and c > 0, 


b € -ac or b 2 Wac. 


IV 


Test intervals: |— 


| 
| 
| 


5-7 -2 1 


89. 
12-18 -6 3 
91 SE 0—4 
4-0 4 


93. x-intercept: (—1, 0) 


y-intercept: (0, 1) 


Review Exercises for Chapter 1 


1 y 2-4x +1 


х|-21-110(11 |2 


›|9 |5 |1|-3|-7 


y 


Review Exercises for Chapter 1 73 


95. Ox + y - l0 
2(-x) + y212 -2x + y = 1 = No y-axis 
symmetry 
2x + (-y) = 1 > 2x - у = 1 > No x-axis 
symmetry 
2(-x) + (-y) = 1 > -2x - y = 1 => No origin 


symmetry 


x-intercept: (4, 0) 
y-intercept: (0, 1) 


97. у= х2 +2 


(ех) +2 = у = х? + 2 = у-ахіѕ symmetry 


M 
ll 


-y = х2 +2 > y = ~x? — 2 > № x-axis symmetry 


-y = (х) +2 > у =-x? — 2 >No origin 


symmetry 


-24 
"TW 


No x-intercepts 


y-intercept: (0, 2) 
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74 


Chapter 1 


. x-intercepts: (—4, 0), (2, 0) 


y-intercept: (0, —2) 


‚ у= -3х +7 


Intercepts: (4, 0). (0, 7) 


y = -3(-x) +7 > y = 3x + 7 => No y-axis 
symmetry 

-y=-3x+7> y = 3х – 7 > No x-axis 
symmetry 

-y =-3(-x) + 7 > y = -3x - 7 — No origin 


symmetry 


.x=y - 5 


Intercepts: (—5, 0), (o. £5) 
-x = y? -5 > x = —y° + 5 => No y-axis symmetry 
x= (>?) -5 => x = y? — 5 > x-axis symmetry 


s (-»y -5-» x =-y? +5 >No origin 


symmetry 


9. 


11. 


13. 


Equations, Inequalities, and Mathematical Modeling 


у = —-х* + 6x? 


Intercept: (0, 0) 


у= -(-х) + 6(-x) => у = -x' + бх? => y-axis 
symmetry 

=y = -x* + 6x? => y = xf — 6x? >No x-axis 
symmetry 


y= (—x)* + 6( x) => у = x* — 6x? No 


origin symmetry 


3 
3 
x 


Intercept: None 


No y-axis symmetry 


3 3 
Жэ = ээг 
x 


=x 
3 3 : 

у = = > у = —— > No x-axis symmetry 
x x 
3 3 ЭГ 

y= > уз origin symmetry 
=x x 


erty? = 9 


Center: (0, 0) 


Radius: 3 


-44 
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Review Exercises for Chapter 1 


15. (x + 2) + y? = 16 27. (х+5)-7=х+9 
(x - (-2)) + (у -0 = 4 2x+10-7=x+9 
2x+3 = х +9 
Center: (—2, 0) эс 
Radius: 4 
i 2. Ž-3=Ž+4] 
4 5 3 
ЇЕ = 3) = Е + )з 
3 
| ue 3x — 45 = 5x + 15 
-8 4 
-2х - 60 
x = —30 
-6{ 
2 2x 
17. Endpoints of a diameter: (0, 0) and (4, —6) 31. 3+ 1-5 1-5 
{0+4 0+ (-6)) _ 3(х-5)+2 2x 
Center: | ЭП? | (2, —3) "-— x5 
3x-154+2 _ 2x 
Radius: r = J/(2 - 0j + (-3 - 0}? = V4+9 x-5 x-5 
Е JB 3x -13 _ 2x 
: Xo c 
2 2 5 
Standard form: (x - 2) + (y - (-3) = (413) (x 52% -13 2x (х 5) 
2 2 x-5 Xo 
(x-2) +(у+3) 213 3-1 = 2x 
19. 5 = -6.876t? + 411.94t — 3329.1, 10 < £ € 18 сан, 
(a) “= 33. y = Зх - 1 


x-intercept: 0 = 33-1 x = 1 


i y-intercept: у 23(0 - 1 => y = -1 
10 18 
: The x-intercept is (2, 0) and the y-intercept is (0, –1). 
(b) Sales were $1 billion when ¢ = 13.6, or the year 


э 35. y = 2(x - 4) 


21. 2(3 2) = 2x - 4 
2x -422x-4 
0-0 Identity 


x-intercept: 0 = 2(x - 4) > x =4 
y-intercept: y = 2(0 – 4) > y = -8 


Aii real numbers пее зоон. The x-intercept is (4, 0) and the y-intercept is (0, —8). 


23. 3(x - 2) + 2x = 2(x + 3) IN NE 
3x 6 + 2x = 2x + 6 i 2 3 
цаас x-intercept: 0 = ty + 2 = 2/3 = : 
x=4 2 3 y2 3 
Conditional equation : : 1 2 
-intercept: = ——(0)+— > = — 
у puyc Шеше 


25. 8x – 5 = 3x + 20 
5х = 25 


| .(4 . . 2 
The x-intercept is y 0 | and the y-intercept is | 0, 3 . 
x=5 
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39. 244.92 = 2(3.14)(3)? + 2(3.14)(3)h 41. Let x be the revenue for 2018. 
244.92 = 56.52 + 18.84h The revenue for 2019 is x + 0.283x. 
188.40 = 18.84Л The total revenue is 12.1. 

10=h x +(x + 0.283x) = 12.1 
The height is 10 inches. 2283x = 12.1 
12.1 

- 555 = 5.30 


Revenue for 2018: $5.30 billion 


Revenue for 2019: 5.30 + 0.283(5.30) = $6.80 billion 
43. Letx = the total investment required. 
Each person’s share is - If three more people invest, each person's share is E + 2500. 


Since this is $2500 less than the original cost, we have: 


X — Ž 4 2500 
9 12 
X% = 2500 
9 12 
8x — бх = 2500 
72 
2% . 9500 
72 
х = 90,000 


The total investment to start the business is $90,000. 


45. Let x = the number of liters of pure antifreeze. 
30% of (10 — x) + 100% ofx = 50% of 10 
0.30(10 — x) + 1.00x = 0.50(10) 
3 – 0.30х + 1.00x = 5 


0.70x = 2 
х = = ж = 2: = 2.857 liters 
0.70 7 
4. V = л? 51. 6 = 3х? 
3 2 = х? 
ЗУ = zr)h 
+/2 = х 
ЗИ 
Mh 
il 53. (x +13)? = 25 
49. 15+x- 2x = 0 x +13 = +5 
0-2x)-x-15 х = -1345 
0 = (2x + 5)(x – 3) x = -18orx = -8 
2Хх-5-0-эх--3 


х-3= 0 = х= 3 
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55. 


57. 


63. 


65. 


67. 


69. 


71. 


73. 


Review Exercises for Chapter 1 77 


х2 + 12х + 25 = 0 59. М = 500x(20 – x) 
= + 20 
x= 12-542 4(1)(25) (a) 500x(20 - x) = 0 whenx = 0 feet and x = 20 feet. 
20) (b) 55,000 
| -12 + 2V11 
2 
= —6 + V11 
0 22 
А 0 
Sante fe Ome ы, (c) The bending moment is greatest when x = 10 feet. 
2x? + 5х -27 = 0 
ur Р с) a у жы 
—5 +7 40027) 61. -/-18-/-6 = (/181/6) = «ЛОВ(Р) = -6-/3 
1 20) 
| -5 + A241 
т 4 
(5 Ea 10)(10 e 5) = (5 | Vi0i\(10 - J5i 
= 50 + 10 /10i — 5\/5i — 4/50(0) 
= 50 + \/50i + 104/107 — 5\/5i 
= 50 + 54/2 + (10V/10 — 5/5); 
(6 — 4i) + (-9 + i) = (6 + (-9)) + (-4i + i) = -3 - 3i 


-3i(-2 + 5i) = 6i – 15? T 4 E 2 " 4 233 2 l-i 
= 6i - 15(-1) 2-3 1+1 2-3 243 lei l-i 
| .8*0i,2-2i 
явах 4+9 
(1+ 7i — 7i) = 1 - 497 эн 
= 1 - 49(-1) 
S л] Лг» 
=1+49 B 13 
= 50 Хо»! 
4 4 142i 13 13 
1-2i 1-2i 1-2 
Paces 77. х2 - 2x +10 = 0 
тар Lo cb М = дас 
_ 448i Е 2а 
5 2 
E _ -€2)  JC2Y. - 40)010) 
Жо 20) 
2+ ./-36 
3+ 2i 3+2 5 i = 2 
5-1 5-1 5-1 2 t 6i 
_ 15 = 3i + 10i - 2i? ET 
_ р 
m AE. 
174 7i 
26 
17 7 
= — + — 
26 26 
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79. 4) + 4x 4720 87. 2x 43 = 24 x 
-b + Vb? — дас 2x +3 = (2 + x) 
aus 
2a xy 432 4 Ax b x? 
_ 4+ AY – 4X7) х2 +2х+1= 0 
2(4) 2 
х+1) = 0 
-4 + 4j-96 ( ) 
2 : x = -] 
2/3 2 
РЕГ 89. (x - 1)" –25 = 0 
8 (x = 1)? = 25 
1 J6. 2 
вес (х= 1) = 25 
х —1 = +425) 
81. 5x* - 12x = 0 Ре? 
3 - 
x'((5x -12) = 0 x = 126 orx = -124 
x ?200r5x-12-20 
x = бог x= 91. = = 1+ 
х х+ 2 


5(х +2) = 1 2) +3 
83. X — 72 + 4x = 28 (x + 2) = (х)(х + 2) + 3x 


x'(x-7) + 4(x - 7) = 0 


5x +10 = x? + 2x + 3x 


(x - 7)(x? + 4) =0 S eun 
+/10 = х 
х-7= 05 х= 7 
х? +4= 0 > х? =-4 93. |х - 5| 2 10 
х= +4/-4 = +1 х= 5 = -100огх – 5 = 10 
x=-5 x = 15 
85. хб – 7x3 - 8 = 0 
(8) -7(9)-8-0 95. |x? -3| = 2x 
и? – 7и – 8 = 0 x? -3 = 2х or x? - 3 = -2x 
(и – 8S(u +1) = 0 x –- 25-3 = 0 х? + 2х -3 = 0 
и-8-0 (x — 3)(x +1) = 0 (x + 3)(x - 1) = 0 
х2 -8= 0 x=3 о x=-l x=-3 or x=l 
(x = 2) х? +2х + 4) = 0 The only solutions of the original equation are x = 3 or 
тэн эн x =1. (x = 3andx = —1 are extraneous.) 
x +2х+4=0 > х = -14 4/31 97. 29.95 = 42 -/000In 4 2 
dais -12.05 = —/0.001x + 2 
x +1=0 


J0.001x + 2 = 12.05 
0.001x + 2 = 145.2025 
0.001x — 143.2025 
x = 143,202.5 
i = 143,203 units 


х? -х+1= 0 ә х= = + 


99, Interval: (-7, 2]; The interval is bounded. 


Inequality: -7 « x € 2 
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101. 


103. 


105. 


107. 


109. 


117. 


Interval: (—<, –10]; The interval is unbounded. 


Inequality: x € —10 


— x 
-12-11-10 -9 -8 -7 -6 


3x + 2) < 2x - 12 
3x +6 < 2x —12 ——) r 
< 18 -20 -19 -18 -17 -16 
x«- 
(== -18) 
4(5 - 2x) < 1(8 - x) = 
20- 8r <4- 4s "ENG 
-Bx < -16 
x2 2 
32 
8-9) 
3.2 < 04x — 1 < 44 10.5 13.5 
——pb ‹ 
4.2 < 0.4x € 5.4 о ^п р взи 
10.5 < x < 13.5 
ал. -11 E 
+} 
—-5<x+6<5 -12.-10 -8 -6 -4 -2 0 
-1«х«-1 
(-11, -1) 
2 2 3 
x] gel -6-5-4-5-2-1 0 1 2 
2(x — 1) - 3(x + 1) e 
(x + D(x - 1) 
2x = 2 – 3х -3 
—— < 0 
(x + D(x - 1) 
-(x + 5) 2% 
(х + 1)(х — 1) Е 
Key numbers: х = -5,x = -l,x = 1 


Test intervals: (—5, —1), (-1, 1), (1, =) 


-(х + 5) 


(x + 1)(x - 1) 


Test: Is < 0? 


By testing an x-value in each test interval in the inequality, we see that the solution set is [-5, -1) 


111. 


113. 


115. 


Review Exercises for Chapter 1 79 


125.33x > 92x + 1200 
33.33x > 1200 


x > 36 units 


So, the smallest value of x for which the product returns 
a profit is 37 units. 


х? — 6x — 27 < 0 
(x + 3)(x - 9) < 0 
Key numbers: x = -3,x = 9 

Test intervals: (—e, —3), (—3, 9), (9, оо) 
Test: Is (x + 3)(x — 9) « 0? 


By testing an x-value in each test interval in the 
inequality, we see that the solution set is (-3, 9). 


5x? — 45x < 0 
5x(x? = 9) < 0 
5х(х + 3)(х —3) < 0 
Key numbers: x = +3, х = 0 
Test intervals: (—e, —3), (—3, 0), (0, 3), (3, =) 
Test: Is 5x(x + 3)(x — 3) « 0? 


By testing an x-value in each test interval in the 
inequality, the solution set is (-өө, -3) U (0, 3). 


————L—--— х 


-5-4-3-2-1 0123 4 5 


U (1, оо). 
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119. 5000(1 + r)" > 5500 


(+f > 1.1 
1 +7 > 1.0488 
r > 0.0488 
r > 4.9% 


Problem Solving for Chapter 1 


1. -3 
á 
Time (in seconds) : 
3. (a) A = zab 
а + b = 20 = b = 20 — a, thus: 
A = za(20 — a) 
(b) а |4 7 10 13 16 
А | 647 91л 1007 9л 647 
(c) 300 = za(20 — a) 
300 = 20za — za? 
za? — 20za + 300 = 0 
207 + \/(—20л)* — 4л(300) 
= 
2л 
| 20л + У 4002? — 12007 
2л 
207 + 20,/л(л —3) 
2л 
= 10 + 20 a(z — 3) 
л 
а = 12.12 or a = 7.88 
(d) 350 
0 20 


121. 


123. 


False. 


J-184/-2 = (V18i)(V2i) = v36? = -6 
УС®=2) = V6 = в 


Rational equations, equations involving radicals, and 
absolute value equations, may have “solutions” that are 
extraneous. So checking solutions, in the original 
equations, is crucial to eliminate these extraneous values. 


(e) The a-intercepts occur ata = 0 anda = 20. Both 
yield an area of 0. Whena = 0,b = 20and you 
have a vertical line of length 40. Likewise when 

a = 20,b = Oand you have a horizontal line of 
length 40. They represent the minimum and 
maximum values of a. 

(f) The maximum value of A is 1007 = 314.159. This 
occurs whena = b = 10 and the ellipse is actually a 
circle. 


. P = 0.002565? 


(a) 0.002565? = 20 
s? = 7812.5 


s = 88.4 miles per hour 


(b) 0.00256s? — 40 
s? = 15625 


s = 125 miles per hour 


No, actually it can survive wind blowing at /2 
times the speed found in part (a). 
(c) The wind speed in the formula is squared, so a small 


increase in wind speed could have 
potentially serious effects on a building. 


. (a) Ifx? +9 = (x + m)(x + n) then 


mn = 9 and m +n = 0. 


© м+п= 0 = п = -т 


т(-т) = 9 -m = 9 > m? 2-9 


There is no integer m such that m? equals a negative 


number. x? + 9 cannot be factored over the 
integers. 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Problem Solving for Chapter 1 81 


9. 5,12 13; 8,15 1 
(а) 5,12, and 13; 8, 15, and 17 13. (а) z, = 1 
7, 24, and 25 Е 
ЛКЕН ze 1 1-1 
(b) 5-12-13 = 780 which is divisible by 3, 4, and 5. Ius 1+ l; 
8-15-17 = 2040 which is divisible by 3, 4, and 5. I NES 
= = — — —L 
7 - 24-25 = 4200 which is also divisible by 3, 4, 2 27-72 
and 5. 1 
Е (b) Zm = — 
(c) Conjecture: If a? + b? = c? where a, b, and c are 2 
positive integers, then abc is divisible by 60. | 1) 1 | 3-1 


11. (а) 8 -b + 4/02 -4ac -b -,/b? -4ас 3-1 3 1, 
eR = =—+—i 


2a 2a 10 10 10 
_ 22а 1 
2a (c) Zm = p 
E. Е 
а —2 + 8i 
(b) P= -b + JJ b? -4ac | -b — Jb? —4ac eee l0 m2 UN 
2a 2a —2 + 8i -2-8i 
b? — (b? — 4ac) -- = T 5 i 
4a? E 
_ 4ac 
4a? 
229 
а 
15. (a) c «1 


The terms аге: i, -1- i, -i, -1 + i, -i, -1 + i, -i,-1 + i, -i,... 
The sequence is bounded soc = iis in the Mandelbrot Set. 

(b) c = -2 
The terms are: 1 + i, 1 + 3i, —7 + 7i, 1 — 97i, -9407 — 1931i, ... 


The sequence is unbounded soc = 1 + i is not in the Mandelbrot Set. 
(c) c = -2 
The terms are: —2, 2, 2, 2, 2, ... 


The sequence is bounded soc = —2 is in the Mandelbrot Set. 
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Practice Test for Chapter 1 
1. Graph 3x — 5y = 15. 
2. Graph y = V9 ~ x. 
3. Solve 5x + 4 = 7x - 8. 


4. Solve Ž -5 =~ 41. 
3 5 


3x+1 2 


5. Solve = 
6x —7 5 


6. Solve (x – 3) + 4 = (x +1). 
7. Solve A = (а + b)h for a. 
8. 301 is what percent of 4300? 


9. Cindy has $6.05 in quarter and nickels. How many of each coin does she have if there are 53 coins in all? 


10. Ed has $15,000 invested in two funds paying 95% and 11% simple interest, respectively. How much is invested in each if the 
yearly interest is $1582.50? 


11. Solve 28 + 5x — 3x? = 0 by factoring. 


12. Solve (х — 2) — 24 by taking the square root of both sides. 


13. Solve x? — 4x — 9 = Oby completing the square. 
14. Solve x? + 5x — 1 = 0 by the Quadratic Formula. 
15. Solve 3x* – 2x + 4 = 0 by the Quadratic Formula. 


16. The perimeter of a rectangle is 1100 feet. Find the dimensions so that the enclosed area will be 60,000 square feet. 


17. Find two consecutive even positive integers whose product is 624. 


18. Solve x? — 10x? + 24x = 0 by factoring. 
19. Solve /6 — х = 4. 


20. Solve (x? - 8)" = 4. 


21. Solve x* - x? – 12 = 0. 


22. Solve 4 — 3x > 16. 


23. Solve 


21 5. 


даан у 
3 


24. Solve 
PI 


25. Solve |3x - 4|2 9. 
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CHAPTER 2 
Functions and Their Graphs 


Section 2.1 Linear Equations in Two Variables 


1. linear 17. y= -ix -1 


3. point-slope Slope: т = x 


-int t: (0, —1 
5. rate or rate of change ОШ чр 


7. They are perpendicular to each other. 1 
9. (а) m= 2 Because the slope is positive, the line rises. 


Matches /... 
(b) m is undefined. The line is vertical. Matches Z5. 


(c) m = —2.The line falls. Matches L. 


m=0 19, y-5=0 
y=5 
Slope:m = 0 
y-intercept: (0, 5) 
А 
8+ 
13. Two points on the line: (0, 0) and (4, 6) 600, 5) 
ni 
Slope зы = 6 .3 T 
X — X 4 2 5 
+ + » x 
15. y = 5x + 3 Б dis 
Slope: m = 5 i 
y-intercept: (0, 3) 21. 55-2 = 0 
1 x= 2, vertical line 


Slope: undefined 


(0, 3) y-intercept: none 
s 


1 
24 


-4 
Ї 


-1-44 
-4 -3 -2 -1 
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23. 7x – бу = 30 


—6y = -7x + 30 


у= =х - 5 


Slope: m = 7 


y-intercept: (0, —5) 


8 
—-22 
4 
(1, 6) 
+ 4—9 x 
2 3 
0 
= — = 0 
3 
Y 
А 
4 
24 
—- +> 
-4 -2 2 4 6 8 10 
-24 
-44 
-6+ (5-7) (8,-7) 
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31. 


33. m = 


35. 


37. 


39. 


41. 


„4-0 _5 


-6-(-6 0 


m is undefined. 


(-6,4) 4T 


A 


(4.8, 3.1) 


IIIA 


244 
Point: (5, 7), Slope: m = 0 

Because m = 0, y does not change. Three other points 
are (—1, 7), (0, 7), and (4, 7). 

Point: (—5, 4), Slope: m = 2 

Because т = 2 = 2, y increases by 2 for every one unit 


increase in x. Three additional points are (7-4. 6), 


(-3, 8), and (-2, 10). 


Point: (4, 5), Slope: m = —+ 


Because m = -5 y decreases by 1 unit for every three 


units increase in x. Three additional points are 
(2, 7), (0,2), and (1, 6). 
Point: (—4, 3), Slope is undefined. 


Because m is undefined, x does not change. Three points 
аге (—4, 0), (—4, 5), and (-4, 2). 
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43. Point: (0, –2); т = 3 51. Point: (4, 2); т = 0 
y +2 = 3(х - 0) у= 5 = 0(х - 4) 
у = 3х - 2 у-3-0 
р y = 5 
1 
t 1—19 x ын 
-2 з 4 41 
єў 
p 
(4 


45. Point: (33, 6); m--2 
y - 6 = -2(x + 3) 53. Point: (—5.1, 1.8); m = 5 


y -L8 = S(x — (5.1)) 
y m5xa273 
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59. g +} E 5) 1 69. 1: (0. 1). (5, 9) 


24 37 9-1 
т = =o 
5 1 5-0 
f= 
guts (x - 2) La: (0, 3), (4,1) 
gs (21-3 1 
X т mL V 
1 1 4-0 2 
= -—(х = 2) +— -11 : 5 3 
У 2 The slopes are negative reciprocals, so the lines are 
1 3 perpendicular. 
у = Е; += 
т. L:(-6, 3), (2, -3) 
61. (1, 0.6), (-2, —0. ЕЕЕ Е 
(1, 0.6), (2, –0.6) "Ээ : оо 
аса e eum 
= 1s (79) (3) 
= 0.4(x - 1) + 0.6 
ane Жш, ЖИ 
y = 04х + 02 RENE C wa 
1 L, and L, are both horizontal lines, so they are parallel. 


73. Ax - 2y 2 3 


у= 2х - 3 
Slope: m = 2 
-21 (a) (2,1),m 22 
-34 
y —1 = 2(x - 2) 
1 й y22x-3 
63. (2, -1), б 4j А 
3 3+ (5) (2,1),m = —} 
-1- (4 2 2 
ytlz 1 m 2) jik y-1= (x-2) 
UA +> x --4 
3 4 11343 У * +2 
+1=0 = 
4 3471] 679 75. 3x +4у = 7 
y--l 
-34 уз-43х-41 
The line is horizontal. 
Slope: m = —+ 
65. L:y = -4x – 3 ЯГ | 
m = -2 (a) (-4 8) тод 
JN 2 
L;y--$x-1 y-i--3x-() 
m,--i увс 
The slopes are equal, so the lines are parallel. (b) (-3, 2), т = 4 
67. L:y = 1х – 3 у- 1 = 4x - (-2)) 
— 1 
"= у= +8 


І:у = 5х +1 
— 
m,--i 


The lines are neither parallel nor perpendicular. 
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T. y £520 


79. х- у= 4 

у= х- 4 

Slope: m = 1 

(а) (2.5, 6.8), т = 1 
y — 6.8 = I(x - 2.5) 

у= х+ 4.3 

(b) (2.5, 6.8), т = –1 

y — 6.8 = (—1)(х - 2.5) 


y-2-x-93 
81. Хул 
3 5 
(32 +2) = 1(15) 
5х + 3у – 15 = 0 


8З. gos 


бх + у = -l 
2" 
12x+3y+2=0 


sso ^+-=с=0 


с c 
х+у=с 
1+2=с 

3-с 
x+y 

х+у-3 = 0 


87. 


89. 


91. 


93. 


95. 


97. 


(a) m = 135. The sales are increasing 135 units per 
year. 


(b) m - 0. There is no change in sales during the year. 


(c) m = —40. The sales are decreasing 40 units per 
year. 
6 
У = торх 
zu = 
уз т00(200) = 12 feet 


Using the points (0, 32) and (100, 212), where the first 


coordinate represents a temperature in degrees Celsius 

and the second coordinate represents a temperature in 
degrees Fahrenheit, you have 
. 212-32 180 9 
100-0 100 5 


Since the point (0, 32) is the F- intercept, b = 32, ће 


equation is F = 1.8C + 320r C = 2 m o. 


Using the points (0, 830) and (5, 0), where the first 


coordinate represents the year ¢ and the second 
coordinate represents the value V, you have 


ү „2539, gu 166¢ + 830,0 <; < 5. 
5-0 
(a) Total Cost = cost for cost purchase 


fuel and + for + cost 
maintainance operator 
C = 9.51 + 11.5t + 42,000 
C = 21t + 42,000 
(b) Revenue = Rate per hour - Hours 
R = 45t 
() P=R-C 
P = 45t — (21t + 42,000) 
P = 24t — 42,000 
(d) Let P = 0, and solve for t. 
0 = 24t — 42,000 
42,000 — 24t 
1750 = t 


The equipment must be used 1750 hours to yield a 
profit of 0 dollars. 


False. The slope with the greatest magnitude corresponds 
to the steepest line. 
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99, Find the slope of the line segments between the points 103. Theline y — 4x rises most quickly. 
A and B, and B and C. 


y=2xl[y=0.5x 
n 


B(3, 7) 


1 = 


-4 
y=x] |у=4х 


The line y = —4x falls most quickly. 


7-5 2 1 у=-х у= -4х 

Win Ж =A 

4 3-() 4 2 : 

3-7  —4 

mgc = = = -2 -6 6 

"dem d 
Since the slopes are negative reciprocals, the line 
segments are perpendicular and therefore intersect to - Do 7095s 


form a right angle. So, the triangle is a right triangle. 
The greater the magnitude of the slope (the absolute 


iii. y Thesis 0 – (-1) _ 1. — value of the slope), the faster the line rises or falls. 
2-0 2 
: А 105. у= 2-х 
(b) Тһе y-intercept is (0, —3), not (0, 4). 1 
When x = 2: y = (-2) (-2) = 4+2=6 


0: у= 00-0 = 0 
Whenx = 3: у = 32-3 = 9-3 = 6 
When x = 6: у = 6? – 6 = 36 – 6 = 30 


= 
8 
5 
= 
T 


| 


107. TN ы M 


(a) Whenx 2:f- = 


(b) Wh 0 Шы d 
соц 10 10 


(7-3) (7-27 -30- 


Wh =3 f= 2 
(с) enx f T т = 
7-6) (7-219 - 
(d) ПОРЕ ) ( ) _ -209 
10 10 10 
109. 2x? — 5x -2x+5=0 113. з — 5/18 = 0 
x(2x-5)-(2x-5) = 0 3 /x = 5(3)/2 
(x? – (2х – 5) = 0 ued 
x = 25(2) = 50 
х=+,2 (2) 
2 
111. x6 +43 -5=0 
(ә? + 5)(x? - 1) 20 
x = -4/5,1 
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115. xd 117. x 4|x -9| 27 
а |x-9|=7-x 
x22-c4x 


Ifx-9 > 0,thenx -9 = 7 - х = 2х = 16 
x = 8, which is extraneous. 

Ifx-9< 0, then -(x - 9) = 7 — x, which is 
extraneous. 


No real solution. 


119. 5-1 +1] (e) (gozxeren)-(2 +1) 


| —2х +1 


4-2-3 +(x +x? c Ax - x! - x - 4) 


х-1 
_4 x! -3-4x -3x-4 
х-1 
x = х? + 3x -3 
х-1 
сох (х-1)43х-1) 
х-1 
(x = 1)(x? + 3) 
F x-1 
=x +3, x21 
Alternate solution: 
Aeg о tage ЕЕ ора тА 
x-1 x-1 


-l-xtxertxt+4x #1 


=x +3, х #1 
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Section 2.2 Functions 


1. 


3. 


п. 


13. 


15. 


17. 


19. 


21. 


23. 


independent; dependent 


A relation is any set of ordered pairs. A function is a 
relation in which no two ordered pairs have the same 
first component and different second components. 


. The domain of a piece-wise function must be explicitly 


described, so that it can determine which equation is 
used to evaluate the function. 


. Yes, the relationship is a function. Each domain value 


is matched with exactly one range value. 


. No, it does not represent a function. The input values of 


10 and 7 are each matched with two output values. 


(a) Each element of A is matched with exactly one 
element of B, so it does represent a function. 


(b) Each element of А is matched with exactly one 
element of B, so it does represent a function. 


(c) The element 2 in A is not matched with an element 
of B, so the relation does not represent a function. 


х? +у2 = 45 у= +4 - х? 


No, y is not a function of x. 
y = N16 – x? 

Yes, y is a function of x. 
хаар 

Yes, y is а function of x. 


уз-75 ог у = -75 + 0х 


Yes, y is a function of x. 


(b) g(-1) = 4(-1) 


A(t + 2y – 3(¢ + 2) + 5 


3(-) +5 = 4+3 +5 = 12 


х 
€ 
ми 

09 
~ 
~ 
+ 
N 
-2 
Il 


= (P +4t+4)-3t-6+5 


402 +13 15 

f(y) 3-4» 

(a) f(4)=3-V4 =1 

(b) f(025) = 3 - V0.25 = 2.5 

(о) f(4x?) = 3 - V4x? = 3 - 2|x| 


27. 


29. 


31. 


Section 2.2 Functions 


O 48) = a- 


9 is undefined. 


1 1 
+3) = = 
© ay +3) (к -9 +6 
fa) = 
2l. 
(а) 70) = = =1 
a-l 
(b) f(-2) 5 1 
А -|х-1| [L ifx«1 
О а -1 |i, ifx>1 
2x4+1, x <0 
ло) b. x20 
(à f(-l) = 20-1) +1 = -1 
(b f(0)22(0 -222 
(с) f(2) = 2(2)+2=6 
f(x) = —х? +5 
f(-2) = -(-2) +5 =1 
i ee ea 
/0) = (f +5 =5 
Д) =- esa 
fQ)- -(2) +5 =1 
x -21-11011 12 
OSEE RES XE 


91 
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33. 


35. 


37. 


39. 


41. 


43. 


Chapter 2 Functions and Their Graphs 


(x — 2)(x +1) =0 


x-2=0 х+1 


x=2 


x 


45. 


47. 


49. 


51. 


53. 


55. 


f(x) = g(x) 

х* — 2x? = 2x? 
xt — 4x° = 0 
xx - 4) = 0 
x(x + 2)(x – 2) = 0 
x202x-20 

x T2202 x= -2 


x-2202x22 


f(x) = 5x? +x-1 


Because f(x) is a polynomial, the domain is all real 


numbers x. 


20) = Jy + 6 


Domain: у + 6 2 0 
y2-6 
The domain is all real numbers y such that y > — 6. 


1 3 
x x+2 


The domain is all real numbers x except 
x = 0,x = -2. 


Domain:  - 12 0 = s21andsz4 


The domain consists of all real numbers s, such that 
s > lands # 4. 


(a) Height, x | Volume, V 
1 484 
2 800 
3 972 
4 1024 
5 980 
6 864 


The volume is maximum when x = 4 and 
V = 1024 cubic centimeters. 
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57. 


59. 


67. 


(b) 

1200 61. 
1000 
800 


600 


Volume 


400 


200 


Height 


V is a function of x. 
(с) V = x(24 - 2x 


Domain: 0 < x « 12 


Section 2.2 Functions 93 


1.76t + 58.3, 
P(t) = 
0.90t + 71.5, 


< 


12 
16 


1< 16 
1518 

For 2012 through 2015, use the first equation. 
2012: p(12) = 1.76(12) + 58.3 = 79.42% 
2013: p(13) = 1.76(13) + 58.3 = 81.18% 
2014: p(14) = 1.76(14) + 58.3 = 82.94% 
2015: p(15) = 1.76(15) + 58.3 = 84.70% 

For 2016 through 2019, use the second equation. 
2016: p(16) = 0.90(16) + 71.5 = 85.90% 


2017: p(17) = 0.90(17) + 71.5 = 86.80% 
y= -4x +3x+6 2018: p(18) = 0.90(18) + 71.5 = 87.70% 
»(25) --4(25) + 3(25) + 6 = 18.5 feet 63. 
If the child holds a glove at a height of 5 feet, then the 
ball will be over the child's head because it will be at a 
height of 18.5 feet. 
1 1 
A = -bh = — 
2 27 
ю---3000ї--эн 
Because (0, У), 2,1), and (x, 0) all бе on the same 
(0, y) (2) l 0) (b) (3000) + h? = а? 
line, the slopes between any pair are equal. 
l-y 0-1 Ч h = Aja? — (3000) 
2-0 x-2 Domain: d 2 3000 (because both d 2 0 and 
ES. ed d? — (3000) > 0) 
2 х-2 
y= 2 +1 65. (a) Cost = variable costs + fixed costs 
Reus x С = 12.30x + 98,000 
у = us (b) Revenue = price per unit x number of units 
Жж. R = 17.98х 
2 
So, A = x ы | ao M (c) Profit = Revenue — Cost 
TECUM Gp Р = 17.98x — (12.30x + 98,000) 
The domain of A includes x-values such that P = 5.68x — 98.000 
x | (х Е 2)| > 0. By solving this inequality, the 
domain is x > 2. 
(а) R = n(rate) = n[ 8.00 — 0.05(n — 80)],n > 80 
2 E 
R = 12.00п — 0.05п? 2194-7. дан a > g0 
20 
6|, 90 | 100 | 110 | 120 | 130 | 140 | 150 
R(x) | $675 | $700 | $715 | $720 | $715 | $700 | $675 


The revenue is maximum when 120 people take the trip. 
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f(x) =x -2x+4 


f(2 +h) 


69. 


(2+ hy – 2402 + л) + 4 
= 4+ 40 +012 -A-2h + 4 
= d +23 +4 

f(2) = (2) – 202) +4 = 4 
f(2 +h) – f(2) = W + 2h 
ЛО +h) – f(2) _ W + 2h 


=h+2,h#0 


71. f(x) = x? + 3x 


f(x +h) = (x + hy + 3(x + h) 
= х? + 3x°h + 3xh? + WP + Зх 4 


f(x +h) — f(x) _ (x? + 3x7h + 3xh? + h? + 3x + 3h) — (x3 + 3x) 


h h 
h(3x? + 3xh + h? + 3) 
h 
= 3x7 + 3xh +? +3,h #0 


73. g(x) = = 
x 
M _1 
g(x) – 8(3) 2 9 
х-3 х-3 
Е 9- х? 
© 9х(х-3) 
_ (x + 3)(x - 3) 
Е 9x^(x — 3) 
pS с а 
9x? 
75. f(x) = V5x 
f(x) -AO _ V5x -5 = 
x-5 x-5 


77. False. The equation y? = x? + 4 is a relation 
between x and y. However, y = +V x? + 4 does not 


represent a function. 


79. False. The range is [-1, ©). 


81. By plotting the points, we have a parabola, so 
g(x) = cx?. Because (-4, —32) is on the graph, you 


have -32 = c(-4) > с = —2.5о, g(x) = 2x". 
83. Because the function is undefined at 0, we have 

r(x) = c/x. Because (-4, —8) is on the graph, you 

have —8 = c/-4 > с = 32. So, r(x) = 32/x. 


85. 


87. 


89. 


91. 


93. 


The domain of f(x) = vx — 1 includes x = 1, 


does not 


1 
x 2 land the domain of g(x) = 
Vx-1 


include x = 1 because you cannot divide by 0. The 


domain of g(x) = is x > 1. So, the functions 


1 
Vx-1 


do not have the same domain. 


No; x is the independent variable, fis the name of the 
function. 


x – 3х2 -x+3=0 

х(х-3)-(х-3)-0 

(x — 3)(x? - 1) = 0 
x=3, +1 


^ 


0 = 2x? – 7х +15 


2x7 + 7х -152 0 
(x + 52x - 3) = 0 
x = -5,3 


x-intercepts: (—2, 0), (1, 0) 
y-intercept: (0, —2) 
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40 


95. 2 2 
E E js (3 * 4) (1 + 4) 13-5 8 : 
3-1 2 2 
121 1 
qw. Cw ol 
101. 2—2 = = — 
Sci 6-4 2 12 
; Я 3 
x-intercepts: (0, 0), (3, 0), (6, 0) ü JE as 2) T 
5 
97. y = x? — 3.61x + 2.86 i = ; i 3 
Using a graphing utility, the x-intercepts are (1.17, 0) 
and (2.44, 0). 
Section 2.3 Analyzing Graphs of Functions 
1. zeros 17. f(x) = 4 - 2x 
3. average rate of change; secant ix — 2х = 0 
1,3 2 
5. No. If a vertical line intersects the graph more than once, 9 E 2x) = 0(3) 
then it does not represent y as a function of x. Auc. 630 
7. Domain: (—2, 2]; Range: [-1, 8] x(x? х 6) -0 
(a) f(-)2- x=0 or х2 -6= 0 
x? = 6 
(Ы) (0) = 0 
©) x = £6 
(c) f(l) 2-1 
. = х? — 4x? — 36 
(д /() =8 19 f(x) = х х? — 9х + 
x — 4x? – 9x + 36 = 0 
9. Domain: (—ee, ©); Range: (2, оо) x(x-4)-9(x-4)20 
(а) f(2 = 0 (х - 4)(x? – 9) = 0 
(b f(l) =1 х-4-0-эх-4 
х2-9= 05 х= 13 
© £3) = 2 
(d f(-1) = 3 21. f(x) = V2x -1 
N2x -120 
11. A vertical line intersects the graph at most once, so y is a 
function of x. У2х-1 
13. A vertical line intersects the graph more than once, so = 
y is not a function of x. x= i 


15. f(x) = 2x? – 7x – 30 
2x! – 7x -30 = 0 


2 _ = 

(2x + 5)(х-6)=0 Serp? 

х? = 1 

2x -* 5-0 о x-6=0 Е 
dues "m x = 1,-1 
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x43 
25 = —— 
79) 2х2-06 
SEES ы 
2x? - 6 
x+3=0 
x--3 


6 


N 
нэ) 
л 
£ 
] 
N 
© 


-10 


Zeros: x 2 0,6 
€ f(x) = xX -6x 
x!- 6x20 
x(x- 6) = 0 

х= 0 = х = 


- 
| 
[o 
T 
е) 
U 
= 
T 


29. (a) 5 
E Рая р 


юш 


Zero: x = 0.3333 


àx-1 

(6) f(x) = 
x—6 

3-159 

x—6 

3x -1=0 

1 

iS = 

3 


33. f(x) = -i6 


The function is decreasing on (—, оо), 


35. 


37. 


39. 


41. 


43. 


f(x) = х2-1 

The function is decreasing on (22, -1) and increasing on 
(L, =). 

f(x) -|х +1[+|х-1| 

The function is increasing on (1, ©). 

The function is constant on (-1, 1). 


The function is decreasing on (22, =I). 


The function is decreasing on (-1, 0) and increasing on 


(—о°, —1) and (0, ©). 


f(x) -3 


-3 3 
0 


Constant on (—ee, e») 


x -21-110(112 


-6 


Decreasing on (—~, 0). 


Increasing on (0, ee). 


x -2 -1 0 1 2 


Njur 
| 
чә 
| 
Nju 
| 
ын 


gx) | -1 |- 
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47. 


49. 


51. 
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f(x) -Xl-x 53. h(x) = (x - Dx 


3 10 


1 
ES 
N 


=1 -1 


Relative minimum: (0.33, —0.38) 


ume 


Decreasing on (—, 1 


= 
2-3 
m 
Сэ 
Il 
ч, 
E 
N 


> 


o 
o 


0 


Increasing on (0, оо) 


= 

© 
— 
ы 
чө 
AR 


52 | 8 


M 

рац 
m 

S 
o 
= 
кә 
оо 


1 
a 

PM | 
RI 


-4 


Relative minimum: (—1.5, —2.25) 


h(x) = x? — 6x7 +15 


N 
© 


1 
o 
o 


0 
№ 
© 


Relative minimum: (4, -17) 


61. f(x) = —2х + 15 
£2) = 70 .9-—15.. 


Relative maximum: (0, 15) 


3-0 3 
The average rate of change from x, = O0tox, = 3 is —2. 
63. f(x) =x -3x -x 


fF _-6-(3)_-3__, 
2 - (-1) 3 3 


The average rate of change from x, = —1to 


х = 2is -1. 
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65. 


67. 


Chapter 2 Functions and Their Graphs 


y = 0.07292 — 0.5261 + 2434,13 < t < 18 


= 1.73 


y(18) – 2(13) _ 38.49 — 29.82 
18 – 13 5 
The amount of U.S. federal government spent on 


applied research increased by about $1.73 billion 
each year from 2013 to 2018. 


(b) 


So = 6, vo = 64 


(a) s = -16P + 64t + 6 
(b) 100 


0 5 


s(3—5s5(0 54-6 © 
3-0 3 


16 


(c) 


(d) The slope of the secant line is positive. 
(e) s(0) = 6,m = 16 


Secant line: y — 6 = 16(t — 0) 
у =16 +6 


69. 


71. 


73. 


75. 


Vo = 120,5, = 0 
(а) s = -166? + 120t 
(b) 270 


0 8 
0 


(c) The average rate of change from: = 3 tot = 5: 

s(5) – s(3) _ 200-216 _ 16 

5-3 2 2 
second 


(d) The slope of the secant line through (3, s(3)) and 


= —8 feet per 


(5, s(5)) is negative. 
(e) The equation of the secant line: m = —8 
Using (5, s(5)) = (5, 200) we have 


y - 200 = -8(t - 5) 
-8t + 240. 


У 
(f) 270 


o 
о 


=> 
— 
х 
бал 
Il 
— 
ч 
I 
an 
N 
A 
х 
2, 
N 
чө 


= хб — 2x7 +3 
= f(x) 


The function is even. y-axis symmetry. 


h(x) = хух + 5 
h(-x) = (-х)/-х + 5 
Lus 


h(x) 
-h(x) 


The function is neither odd nor even. No symmetry. 


"oW 


f(s) = 453/2 
4(-s)"” 
f(s) 
-f(s) 


The function is neither odd nor even. No symmetry. 


+ 


+ 
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А 33, ^ = top — bottom 
u u = 3-(4x – 2) 
36 =4 -2 2 4 6 
Е =3- 4х +20 
-4+ 


85. L = right – left 


4l 23cm 


The graph of f(x) = —9 is symmetric to the y-axis, N 


which implies f(x) is even. 


f(-x) = -9 0 L 24 
= f(x) (b) The model is an excellent fit. 
The function is even. (c) The temperature was increasing from 6 A.M. 


until noon (x = 0tox = 6). Then it decreases 
until 2 A.M.(x = 6 tox = 20). Then the 


temperature increases until 6 A.M. 
4 (x = 20tox = 24). 


(d) The maximum temperature according to the model is 
about 63.93?F. According to the data, it is 64?F. The 
minimum temperature according to the model is 
about 33.98?F. According to the data, it is 34?F. 


(e) Answers may vary. Temperatures will depend upon 
the weather patterns, which usually change from day 
to day. 


The graph displays no symmetry, which implies f (x) is 


neither odd nor even. 
f(x) = -|(-x) = 5| 89. False. The function f(x) = V x? + 1 has a domain of all 


real numbers. 


= -|-x - 5| 
z f(x) 91. The error is that -2:? — 5 z (222 5). The correct 
+ —f(x) process is as follows. 
The function is neither even nor odd. f(x) 2223-5 
‚ fœ) = fax f(-x) = 2x) -5 
s = -2x – 5 


= (2x3 + 5) 
Р(х) + —f(x) апа f(-x) # f(x), so the function 


х f(x) = 2x0 — 5 is neither odd nor even. 


93. (-à. -7) 


(а) Iffis even, another point 15 (& -7) 
The graph displays origin symmetry, which implies 


f(x) is odd. (b) If fis odd, another point 18 (5, 7). 
fex) = 86) 

= 3/-4x 

= f(x 


The function is odd. 
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95. (a) у= х b) у= х (с) y 2» 
4 4 4 
| | | | HH 
ET -4 -4 
(d y=x* © у= (f) y =x° 
4 4 4 
в 6 -6 6 -6 6 
24 -4 -4 


All the graphs pass through the origin. The graphs of the odd powers of x are symmetric with respect to the origin and the 
graphs of the even powers are symmetric with respect to the y-axis. As the powers increase, the graphs become flatter in the 
interval -1 < x < 1. 


97. (1, 3), (4, 0) 99. (5, 0), (5, 1) 
Slope: m = Цан = –1 Slope: et crt — m is undefined. 
1-4 5-5 0 
y -0 = -I(x — 4) x=5 
у=-х+4 A 


101. f(x) = 5x - 3 
(à f(-3) = 5(-3) - 3 = -15 - 3 = -18 


(b #(3) -50)-3-15-3-12 
(с) f(x +3) = 5(х + 3) – 3 = 5x £15-32 5x +12 


103. f(x) = 


(b) f(t) = 20) +3 = 
© f(2)=2+4=2 


105. Verbal Model: (Sum) = (first number) + (second number) 
Labels: Sum = S, first number = n, second number = n + 1 
Equation: S=n+(n+1)=2n+1 
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Section 2.4 A Library of Parent Functions 


1. Greatest integer function 15. f(x) = 2.5x — 4.25 
3. Reciprocal function 


5. Square root function 


1 
o 

H | 
o 


7. Absolute value function 


9. Linear function 
17. g(x) =x +3 


11. (a) f(I) = 4, f(0) = 6 
(1, 4), (0, 6) 


| 
N 
1 
o 
E | 
o 


1, 
m 


19. 


У 
рец 
= 
Sh 
Il 
ы 

A 
| 
um 


(b) 


1 
o 

ын | 
o 


П 
A 


21. 


= 

= 
I 
A 
+ 
4 


1 
N 
M | 


13. (a) 2 
-2 
23. f(x) --1 
i x-2 
6 
-6 
25. g(x) =|x|- 5 
10 
(b) 1 
41 -10 10 


27. f(x) = [x] 
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29. k(x) = [2x + 1] 
@ №) = [9 +} 2 -1 
(5) £(-2.)) = [2(-2.1) + 1] = [-3.1] = -4 1 
(с) 45(4) = [20.)) + 1] = B2] = 3 
ЕБЕ Е 


31. g(x) = -[x] 


y 


e—o 4 
e-o зт 4-3), х«-2 
Ф—0 2+ 
4-4 39, A(x) -434х, -25х«0 
OON RE ЭР чийн xX +l x20 
-1+ Фо 
-2 eo 
23 е + + 
d 5 3 
-44 e- 
33. g(x) 2 [x] - 1 -34 


43. (a) W(30) = 14(30) = 420 
W(40) = 14(40) = 560 
W(45) = 21(45 — 40) + 560 = 665 
W(50) = 21(50 — 40) + 560 = 770 
(b) W(h) = 0 « h < 36 
21(h — 36) + 504, h > 36 


(с) W(h) = (16, 0<h< 40 
24(h — 40) + 640, h > 40 
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: ; : . 1 
45. For the first two hours, the slope is 1. For the next six hours, the slope is 2. For the final hour, the slope is > 


t, O<t 
f(t) = 12-2, 2<t<8 
м +10, 8 ed 9 


л 


л 


To find f(t) = 2t — 2, use m = 2 аш (2, 2). 
у-2 = 20-2) = »22t-2 


To find f(t) = H + 10, use m = i and (8, 14). 


y-14=4t-8)>y=4+10 
Total accumulation = 14.5 inches 


47. False. A piecewise-defined function is a function that 
is defined by two or more equations over a specified 
domain. That domain may or may not include x- and 
y-intercepts. 


49. According to the graph, the domains should be x < 3 
and x > 3. 


51. (a) Yes. The amount that you pay in sales tax will 
increase as the price of the item purchased increases. 


(b) No. The length of time that you study the night 
before an exam does not necessarily determine your 
score on the exam. 


x-intercepts: (4, 0), (—2, 0) 


y-intercept: (0, —8) 


Section 2.5 Transformations of Functions 


1. —f (x); f(-x) 


К 
A 
16+ 
144 
124 
104 

8j 


| 
: 


А 


Inches of snow 


ne 


_ ee | 
2 4 6 8 10 


Hours 


x-intercepts: (2, 0), (-2, 0) 


y-intercept: (0, 24/2 -2) 


57. VJ c + 4/-х 2 472 + 3/x 


Answers will vary. 


59, (x-3) -3(x-3)+2 =x -6x+9-3x+9+2 
= x? – 9х + 20 
= (x — 5)(х - 4) 


Answers will vary. 


3. The three types of rigid transformations are horizontal shifts, vertical shifts, and reflections. 
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5. (а) f(x) = |х|+ c Vertical shifts 
c 2-2: f(x) -|x|- 2  2units down 


c = -k f(x) -|x|- 1 ] unit down 


Cy 
! 
= 
У, 
дэ 
ај 
гай 
! 
ээс 
+ 
= 


1 unit up 


c= 2: f(x) = |+ 2 2 units up 


(b f(x) = |x - | Horizontal shifts 1 dco 
8 
c = -2: f(x) = |5 - (-2)| = |x + 2| 2 units left 
с--Ї f(x) = |х – (—1)| = |+ 1 unit left 
с-1 f(x) = k - (0| = lx - 1| ] unit right 
c 2 2: f(x) = |x - (2)| = |x -2| 2 units right К 
m 
7. (а) f(x) = [x] + с Vertical shifts 2277 
6+ eo 
с--4 f(x) = |5] – 4 4 units down ar 227227 
eoleo eo 
с=-1: f(x) = [х]-1 1 unit down 96-ны II" S an 2875 
оо өөө 
с= 2: f(x) = [x] +2 2 units up 400 €o?eo 6 
eo eò eo 
e=5: f(x) = |] 5 5 units up кы Ван 
eo e 
(b) f(x) = [x + c] Horizontal shifts y 
А с=5 с=2 
e 2-4 f(x) = [x - (-4] = [х +4] 4 units left а ао вані 
ò eo 
c =-~: f(x) = [x - C9] = [х +1] 1 unit left ec с өс sed 
o eo eo eo 
e = 2: f(x) = [x - (2)] = [x - 2] 2 units right "oo lera е 
ео eò eo 
c=5: f(x) = [x Е (5)] = [x m 5] 5 units right LS 
eo eo 
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9. (a) у = f(-x) 


Reflection in ће y-axis 


Section 2.5 Transformations of Functions 


(D y= f(x) + 4 


Vertical shift 4 units 


(c) у= 2f(x) 


Vertical stretch (each y-value 


upward is multiplied by 2) 
y y y 
1 1 1 
10+ 10 4- 10+ 
8T cas $ (6, 6) T 
6+ + 
4+ 
(-6,2) : (4, 2) В 
! кошо +» А > X А ” 
DNI 6 8 10 -10-8 -6 -4 
(0, —2) (2,-2) 
SET (72, -4)971 (0, -4) 
264 464 
(d у= —f(x - 4) (е) у= f(x)-3 (f) у= -f(x) - 1 
Reflection in the x-axis and Vertical shift 3 units Reflection in the x-axis and a 
a horizontal shift 4 units to downward vertical shift 1 unit downward 
the right 
y y y 
À 1 А 
10+ 10+ 10+ 
8+ r 8+ 
6+ 6+ 
(2, 2) 
4 44 
2 4,2 
21 ск) C2, 0524 (0, 1) 
— E x x +—++——Ё 1—1—41—9- x 
-4 -2 246 12 -8-6-4/ | 2 6 8 
0, -2 10, -2 й 
AT ! (-4,-3) -4+ (6, —3) 
-6T -64 
(g у= f(2x) 


105 


Horizontal shrink 
(each x-value is divided by 2) 


y 


11. Parent function: f(x) = x? 13. Parent function: f(x) = |х] 


(a) Vertical shift 1 unit downward (a) Reflection in the x-axis and a horizontal shift 3 units 


g(x) — 2—1 to the left 


е TM 2 g(x) = -|x + 3| 
(b) Reflection in the x-axis, horizontal shift 1 unit to the 


left, and a vertical shift 1 unit upward (b) Horizontal shift 2 units to the right and a vertical 


shift 4 units downward 


g(x) = dx +1) +1 80) =|x - 2]- 4 


15. Parent function: f(x) = x? 


Horizontal shift 2 units to the right 
3 
y = (x - 2) 
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17. Parent function: f(x) = x? 
Reflection in the x-axis 


у= x 


19. Parent function: f(x) = Vx 


Reflection in the x-axis and a vertical shift 1 unit upward 


у = —/х +1 


21. g(x) =x +6 


(a) Parent function: f(x) = х? 


(b) A vertical shift 6 units upward 
(c) N 


4+ 


N 
| 


(d) g(x) = /(х)+6 
23. g(x) = -(x - 2y 


(a) Parent function: f(x) = x? 


(b) Horizontal shift of 2 units to the right and a 
reflection in the x-axis 


(a) Parent function: f(x) = х? 


(b) Reflection in the x-axis, a vertical shift 3 units 
downward and a horizontal shift 1 unit left 


1 
a 

1 
ь 

1 
N 
N 
FS 


(d) g(x) = -f(x *1) - 3 


27. g(x) = —2х* +1 


(a) Parent function: f(x) = x? 


(b) A vertical stretch, reflection in the x-axis and a 
vertical shift 1 unit upward 
(с) А 


2+ 


(d) g(x) = -2f(x) +1 


29. g(x) = Ix — 1 -2 
(a) Parent function: f(x) = |х| 


(b) A horizontal shift 1 unit right and a vertical shift 
2 units upward 
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31. g(x) = |2x| 
(a) Parent function: f(x) = |x| 


(b) A horizontal shrink 
(c) i 


33. g(x) = 3|x - 1| +2 
(a) Parent function: f(x) = |x| 


(b) A horizontal shift of 1 unit to the right, a vertical 
stretch, and a vertical shift 2 units upward 


(d) g(x) = 3f(x - 1) +2 


35. g(x) -24/х 
(a) Parent function: f (x) = Vx 


(b) A vertical stretch (each y value is multiplied by 2) 


Section 2.5 Transformations of Functions 107 


37. g(x) = Ух - 9 


39. 


41. 


(a) Parent function: f (x) = \/х 


(b) horizontal shift 9 units to the right 


@ ex) = f(x - 9) 


g(x) = J7-x -2org(x) = 


(a) Parent function: f (x) = \/х 


-(х- 7) – 2 


(b) Reflection in the y-axis, horizontal shift 7 units to the 
right, and a vertical shift 2 units downward 


(d g(x) = f(7 - x) -2 


g(x) = 2[x] -1 


(a) Parent function: f(x) = [x] 


(b) A vertical shift of 1 unit downward and a vertical 
stretch (each y value is multiplied by 2) 


(c) 


(d) g(x) - 2 f(x) -1 
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43. g(x) = 3 - [x] 59. Parent function: f(x) = x? 
P t function: f(x) = 
хаха fe) [r] Reflection in the x-axis, vertical shrink 


(b) Reflection in the x-axis and a vertical shift 3 units (each y-value is multiplied by 1) 
2 


upward 
(©) , e(x) = -ix 
eO ó+ 
ын 61. Parent function: f(x) = Vx 
3e—o 
2+ eo Reflection in the y-axis, vertical shrink 
- 21 : HE "e (each y-value is multiplied by 1) 
-3-2-1 | 1 2 3 9, 6 
-2+ ео g(x) = 14/-х 
-3+ - 
(4) g(x) -3-/(5) 63. Parent function: f(x) 2 x? 
45. g(x) = (x - зу -7 Reflection in the x-axis, horizontal shift 2 units to the 
-8 right and a vertical shift 2 units upward 
3 
47. f(x) = х moved 13 units to the right g(x) = -(x- 2) +2 
3 
g(x) = (x - 13) 65. Parent function: f(x) = \/х 


49. g(x) = » x| +12 Reflection in the x-axis and a vertical shift 3 units 


downward 
51. f(x) = A/x moved 6 units to the left and reflected in g(x) = -Vx -3 
both the x- and y-axes 67. (а) 5 
g(x) = -,/-x + 6 
53. f(x) = x? 
0 100 


(a) Reflection in the x-axis and a vertical stretch (each 
y-value is multiplied by 3) (b Ах) = 0.00004636х° 


g(x) = -3x 3 
Z3 - 00004634 12 
(b) Vertical shift 3 units upward and a vertical stretch 1.6 1.6 
(each y-value is multiplied by 4) à 
: = 0.00004636 
g(x) = 4x* +3 4.096 
= 0.0000113184x? = 0.00001132х” 
55. f(x) = |x| 1 
(a) Reflection in the x-axis and a vertical shrink ЕРНИ (5) ОНЕ 
(each y-value is multiplied by 1) graph of H(x). 
g(x) = -113| 69. False. y = f(-x) is a reflection in the y-axis. 
(b) Vertical stretch (each y-value is multiplied by 3) and i. True: Because | x| Е |-x , the graphs of f(x) = |x| nm 
a vertical shift 3 units downward 
and f(x) = |-x|- 6 are identical. 


g(x) = 3|x|- 3 


57. Parent function: f(x) = x 


Vertical stretch (each y-value is multiplied by 2) 
g(x) = 2x3 
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73. y = f(x +2) - 1 77. No. g(x) = –х* — 2. Yes. h(x) = -(x - 3)" 


Horizontal shift 2 units to the left and a vertical shift 
1 unit downward 


(0,1) > (0 — 2,1 — 1) 
(12) > (1-2,2 -1) =(-1,1) 


79. (2x +1) + (x? + 2x - 1) = x? + 4x 


ll 
~ 
N 
о 
= 


81. (3х2 + x – 1) - (1-х) = 3х2 + х -1-1+ х 


= 3x7 + 2х - 2 
(2,3) > (2 - 2,3 - 1) = (0,2) 
83. x(x – 3) = х? - 3x? 
75. Since the graph of g(x) is a horizontal shift one unit to 
the right of f(x) = x^, the equation should be 85. —2x(0.1x + 17) = (-2х)(0.1х) + (-2x)(17) 
g(x) = (x - үй and not g(x) = (x + 1s = -02x! – 34x 
У m | 83x45. 3x45 
87. (3x + 5) = (бх? + 10x) 42310 4-8 
1 —5 
m uc 
2x 3 
Section 2.6 Combinations of Functions: Composite Functions 
1. addition; subtraction; multiplication; division 7. f(x) = х+2, g(x) =x-2 
3. Since (fg)(x) = 2x(x? + 1) and f(x) 2 x? +1, (a) (f + g)(x) = f(x) + а(х) 
g(x) = 2x, and (fg)(x) = (gf (x) = (2x)/(9). = (x + 2) + (x — 2) 
= 2x 
Цай” 0 1112 13 (9 (f£ - в)(х) = 7) — g(x) 
f 21311 12 = (x + 2) – (x - 2) 
g 41011 0 В 
: 0 (е) (7815) = f(x): g(x) 
Аш 2 =(х+2)(х-2) 
| 2x-4 
4+ f _ f(x) кә x+2 
3+ @ BE i g(x) Ux*-3 


Domain: all real numbers x except x — 2 
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9. f(x) - x^, g(x) -4х-5 
(a) (f + gx) = f(x) + g(x) 


= х? + (4x - 5) 
=x +4x-5 
(5 (f - в)(х) = F(x) - в(х) 
= х? - (4х — 5) 
=x – 4х + 5 
(с) (ex) = fo): в(х) 
= х2(4х - 5) 
= 4x3 — 5x? 
f(x 
«(09-18 
» 4х —5 


Domain: all real numbers x except x = i 


13. DO) Ee g(x) = x 
=f зо охжх tx? 
EUER CEDE о 
а BS. уо х—х%—? 
Ы (f - gf) = эр" 37 ga 
Zu. 3 x* 
© Gayla) = lo = ex 
f КИ ае х 1 
@ 11 xl х+1 x 
- 1 
— Xx + 1) 


Domain: all real numbers x except x = 0 and 
x=-l 


15 


‚ (£ - 8)(30) = /(%) - s(30) 
= (99 + 3) - (Be? - 2) 
= 3:4 3 - (92 - 2) 


= -97 + 31 + 5 


For0 < x < 2, f(x) contributes most to the magnitude. 


Forx > 6, g(x) contributes most to the magnitude. 


25. f(x) = 3x + 2, g(x) = -vx +5 


(f + g)x = 3х - Ух+5 + 2 


ftg 


For0 < x < 2, f(x) contributes most to the magnitude. 


Forx » 6, f(x) contributes most to the magnitude. 
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3 


29. f()- АМх-1,8() =À +1 0) (go f)(x) = e(f(9)) (с) (g = g)(x) = elel) 
(а) (f e 6) = Fle) = e(/x - 1) = g(x? +1) 
= fà +1) = (Vea) +1 =(e +1) 41 
= (x3 +1) -1 =(x-l)+l=x = x? + 3х6 + 3x3 + 2 
= 4535 = х 
31. f(x) = Ух *4 Domain: х 2-4 33. f(x) = |х] Domain: all real numbers x 
g(x) = х2 БошайгайтеаїтїшиБё x g(x) = х+6 Domain: all real numbers х 
@ (Fo ga) = f(s(9) = /(2) = Ve +4 (a) (f © gx) = /(а(х)) = f(x + 6) =|x + 6| 


: Domain: all real numbers x 
Domain: all real numbers x 


(5 (s ° Px) = e(/Q)) ( (= ° Px) = e(/09) = slx) =|х|+ 6 
_ 4 Eur à) E | E aj ee Domain: all real numbers x 


Domain: x 2 —4 


35. f(x) = 1 Domain: all real numbers x except x = 0 
x 
g(x) 2x43 Domain: all real numbers x 
1 
о = у = + 3 = 
@ (74489 = seo) = fe +з) = 1 
Domain: all real numbers x except x = —3 
1 1 
€) (e > 9) = lo) = (2) = 243 


Domain: all real numbers x except x = 0 


37. f(x) = ati g(x) =x-4 
(b) 1 
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39 


41. 


43. 


45. 


4T. 


49. 


51. 


53. 


Chapter 2 Functions and Their Graphs 


(а) (f + в)(3) = £3) + 8) = 2+1=3 


h(x) = (2x? + 1) 

One possibility: Let f(x) = x? and g(x) = 2x +1, 
then (7 © gx) = A(x). 

A(x) = Vx? - 4 

One possibility: Let f(x) = 4/х and g(x) = x? - 4, 
then (7 © gx) = A(x). 


1 
x+2 


h(x) = 


One possibility: Let f(x) = /х and g(x) = x + 2, 
then (f о g)(x) = A(x). 


-x +3 
h = 
Mer o 
One possibility: Let f(x) = YE and g(x) = —х?, 
4+x 


then (f о g)(x) = A(x). 


One possibility: Let f(x) = Ах and g(x) - 


^ 


1 
х? +1 


then(f » g)(x) = 1 


(a) T(x) = R(x) + B(x) = Зу + ig 
(b) 
T 
B 
R 


10 20 30 40 50 60 
Speed (in miles per hour) 


(c) B(x); As x increases, B(x) increases at a faster 


rate. 


55. 


57. 


59. 


61. 


63. 


(a) 


x 100 = percent change 


b(t) — d 
чо - 20 40 
p(t 
(b) c(20) represents the percent change in the population 
due to births and deaths in the year 2020. 
(a) r(x) = 
(b) A(r) = ar? 


а) = atts) = 42) = (2) 


(A o r)(x) represents the area of the circular base 


(c 


ми 


of the tank on the square foundation with side 
length x. 


False. (f » g)(x) = бх + land(g © f)(x) = 6x + 6 


(a) Answer not unique. Sample answer: 
f(x) =x +3, g(x) 2x42 
(f£ * в)(х) = Л(е()) = (х 
(g ° f\(x) = a(f(x)) = (x 43422 x 5 


(b) Answer not unique. Sample answer: f(x) = x^, 


2)-3-х-45 


g(x) = х) 


Let f (x) and g(x) be two odd functions and define 
h(x) = f(x)g(x). Then 


because f and g are odd 


So, A(x) is even. 


Let f(x) and g(x) be two even functions and define 


h(x) = f(x)g(x). Then 


because f and g are even 


So, A(x) is even. 
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65. Let f (x) be an odd function, g(x) be an even function, 73. у= x - 5 
and define h(x) = f (x)g(x). Then f(x)2x-5 
h(-x) = f(-x)g(-x) f(-x) = -x-5 
= [- f (x)| g(x) because f is odd and g is even Neither even nor odd 
--/(0980) | 


= -h(x). 
So, h is odd and the product of an odd function and an 
even function is odd. 


67. у x-5 


y? = (-х) – 5 => у> = -x – 5 > No y-axis 


symmetry 


(оу) =x-5 = y = х – 5 = х-ахіѕ symmetry 


$5 2 
(у) = (-x) -5 > y? =-x — 5 >No origin y= 2 3 
symmetry 
77. х= Ay *l 
69. у= x +1 j 
х = у +1 
y =(-x) +1 > y = x! +1 > y-axis symmetry y2sx-Lx20 
-=y = xX +1 > y = -x° – 1 >No x-axis 2 4 
symmetry 79. А = a(r + 2) — ar 
= 2 2 
-y = (х) +1 > -y = 2 +1 > = al(r + 2) - | 
— 2 2 
y = -x° — 1 > No origin symmetry = alr +4r 44-77] 
= a(4r + 4) 
71. y = 5x 
= 4n(r + 1) 
f(x) = 5x 
f(-x) = 5(-x) = -5x = —f(x) Odd function 
А 
Section 2.7 Inverse Functions 
1. inverse 7. If a function is one-to-one, no two x-values in the 
І domain can correspond to ће same y-value in ће range. 
3. range; domain Therefore, a horizontal line can intersect the graph at 
most once. 


5. To show that two function fand g are inverse functions, 
you must show that f(g(x)) = xand elf) - x 
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19. 


21. 


Chapter 2 Functions and Their Graphs 


f(x) = 6x 11. f(x) "E 
f^ (x) - Р = Zx БЕ x = 

(o9) = 8) =) == nee) = (Q3 = [4] +1 = 
F9) - f^ (6x) Bo Ix 24110) _ fx y 1) - (3x - — 1 -y 
/(х) = +1 

ТЭ) = Ух -1 


. f(x) = х2 -4x20 


P 
FE) = f(x + 4) - (Vx + 4) -4=(x+4)-4=x 


£009) = (69 4) = IP = 4) #4 = NF = 


(f ° g)(x) = f(g(x)) = f(4x + 9) : LE 
(в » /)(х) = e(f(3)) | 22) Е9-х-949-х 
дев) = див) - PD 
js 
vn) 
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25. f(x) = 7x +1, g(x) = PE 


(а) f(g(x)) = Е 5 | - Е = | +1=х 


Section 2.7 Inverse Functions 


29. f(x) = Vx *5,g(x) 2x! - x20 
(а) f(g(x)) = f(x? – 5), х >20 
= (x? - 5) +5 =x 


g(f(x)) = el x+ 5) 


(b) 


Е КЕЙ —(5х + 1) - (x - 1) _ -6x 


"-(85x-1)-45(x-1 -6 


115 
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33 


Chapter 2 Functions and Their Graphs 


‚Мо, {(-2, -1), (1, 0), (2, 1), (1, 2), (-2, 3), (-6, 4)} does 47. (а) f(x) = У4- х2,0 <х5<2 


пої represent a function. —2 and 1 are paired with two y= ZEN 
different values. 


х= \/4-—- у? 
35. 
х 3 51719111113 х2 = 4 - у? 
Bis 2 
f(x) |-1|0|1|2|з3з 14 у =4-x 
y=v4-x7 
37. Yes, because no horizontal line crosses the graph of fat f(x) =\/4—,0<х<2 
more than one point, f has an inverse. 
39. No, because some horizontal lines cross the graph of f (b) 1 


twice, f does not have an inverse. 


41. g(x) = (x +3) +2 
12 
3 » X 
-10 4 
-2 (c) The graph of f~" is the same as the graph of f. 
g does not pass the Horizontal Line Test, so g does not (d) The domains and ranges of f and f™ are all real 


43 


45 


have an inverse. 


. f(x) = xy9- x? 


numbers x such that 0 € x < 2. 


4 i 
в 49. (а) (х) = – (b) 1 
x 
at 
4 3 
y БИЕН a+ 
-6 6 X & 
4 + | »* Xx 
+ T -3-42:-1 1234 
f does not pass the Horizontal Line Test, so f does not ху = 4 ЁЧ 
have an inverse. _ 4 
5 í * 
. (a) f(x) == 2 (b) y гч 4 
х) = – 
у = x = 2) X 
-у-2 (c) The graph of f^! is the same as the graph of f. 
у= 4х +2 


pm» x (d) The domains and ranges of fand fare all real 


numbers except for 0. 


(c) The graph of f~ is the reflection of the graph of f in 
the line у = x. 


(d) The domains and ranges of f and / are all real 


numbers. 
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х +1 
51. а) f(x) = 57. 20) = — 
= _х+1 
y= f? y= 6 
x= + f » X x= У Di 1 
4 6 6 
x(y-2)- 6x =ytl 
xy — 2x = y=6x-l1 
ху = у = This is a function of x, so g has an inverse. 
у(х - 1) = g'(x) = 6x -1 
Зи 59. р(х) = -4 
f(x) = мань 
Because y — —4 for all x, the graph is a horizontal line 
(c) The graph of ^! is the reflection of graph of fin and fails the Horizontal Line Test. p does not have an 
the line y = x. inverse. 


(d) The domain of f and the range of /^ is all real 


numbers except 2. 


: I's 
The range of fand the domain of f~ is all real y = У2х +3,x2 -3 y20 
numbers except 1. 


61. f(x) = 2х3 х2 -2,у20 


3 
х= 42у +3, у 2-—,x 20 
53. (а) f(x) = i/x-1 diu dino 
y = 2x -1 = 2y $3220, 2-5 
х= 3/y-1 2 
x -3 3 
= »x 20,y 2-— 
x Ly — 1 x У 2 M 2 
у= х +1 This is a function of x, so / ав an inverse. 
si _ үз Ji 200 
f(x) = х +1 ЕЭ! Г) = Ino 
(c) The graph of f~ is the reflection of the graph of fin 
i =x. бх + 4 
the line y = x 63. f(x) 2 й - 
(d) The domains and ranges of fand f"! are all real E: ї4 
x 
numbers. уз Ax 4 5 
55. f(x) = xf "E La 
у= x4 4y +5 
x= yf x(4y + 5) = 6у +4 
y = +4/x 4ху + 5x = бу + 4 


This does not represent y as a function of x. f does not саа ала 
have an inverse. y(4x - 6) = -5x + 4 
_ 5x +4 
" 4x —6 
_s5x-4 
6 — 4x 
This is a function of x, so f has an inverse. 
5x —4 
- 
9: 
£9) 6 — 4x 
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65. (х) = (х + 3), х2 -3 = у> 0 


-(х43),х2-3,у20 


У 


x =(y+3),y »-3,х20 

Мх =y+3,y2>-3,x20 
y=vx-3,x20,y 2-3 

This is a function of x, so fhas an inverse. 


f(x) - ale = Six 20 


This graph fails the Horizontal Line Test, so f does not 
have an inverse. 


69. (a) y 210 + 0.75x 
x = 10 + 0.75y 
x —10 = 0.75у 
x-10 _ 
0.75 P 
- 10 
So, f(x) = = Я 
f ( ) 0.75 
x = hourly wage, у = number of units produced 
24.25 — 10 
b = ——_— =19 
(b y 0.75 


So, 19 units are produced. 


In Exercises 71-73, f(x) = x + 4, f (x) = x - 4, 


g(x) = 2x - Sg (x) => : ^ 
лї. (g «f = U^ 9) 
= g'(x — 4) 
(x — 4) +5 
2 
_х+1 
Ни 


73. (f © g)(x) = /(8(5) 


1 
N 
з 

| 
on 


(f eg) (x)= 


Note: Comparing Exercises 71 and 73, 


(798) (x) = (e ° £3) 


In Exercises 75-79, f(x) = E -= 3, f (x) = 8(x + 3), 
g(x) = x^, g'(x) = 4/х. 
75. (1148 (0 = "Le" 0) 
= ГАЛ) 


у=р?-3 

x = iy -3 
х+3 = ту? 
8(x +3) = у? 


3/8(x +3) = у 
(fo g) (x) = 28/x + 3 


81. False. f(x) = х2 is even and does not have an inverse. 
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Be) |p) ea ie 
711121617 
х 11211617 
f(x 111314 (6 
8+ 
2i 
gl 
2 4 s 
(b) 


х|-4|-2|0|3 


г 35 |4 |0|-1 


The graph does not pass the Horizontal Line Test, so 
f^ (x) does not exist. 


85. Let(f » g)(x) = y. Thenx = (f o 8) (»). Also, 


(f °в)(х) = у = f(s(9) = у 
g(x) = Цу) 
x =g"(f"(y)) 
x =(g7 o f" Xy) 


Because f and g are both one-to-one functions, 


(fea) = g? o f7. 


87. 10 


-2 
There is an inverse function 7 = Ax — 1 because 


the domain of fis equal to the range of f~" and the range 


of fis equal to the domain of f~. 


Review Exercises for Chapter 2 


1. у= -ix +1 
Slope: m = -5 


y-intercept: (0, 1) 


+r 


a ои 


Review Exercises for Chapter 2 119 


89. y = -(x - 5 +1 


-( 
-(x = 10x + 25) +1 
A 


x? — 10x + 24) 
= -(x - 6)(x - 4) 

Alternate solution: 

у-1-(х-5) 


= [1- (х – 5) + (х – 5)] 


= (6 - x)(x - 4) 
- -(x - 6)(x - 4) 
91. у = 4 - з) + - 


= —(х — 4)(x - 9) 
93. The function is increasing on (2, о) and decreasing on 


(=>, 2). 


95. The function is increasing on (—ee, —1) and (1, e») and 


decreasing on (-1, 1). 


97. Relative maximum at (2, 0) 


Relative minimum at (0, –3) 
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3. y «1 
Slope: m = 0 
y-intercept: (0, 1) 

A 


6 


E : i t 
у+5 = 15-2 -4-2 | ? 6 8 10 
m 
у=зх-7 6 (6, -5) 
73 
-10-- 
9. (-6,4), (4, 9) 
— 9-4 — 1 
4 — (-6) 2 
1 
-4=— = [=6 
y a(x = C9) 
44 0-8 
4 2 
cbe pd 
4 2 
1 
=—x+7 
y 2* 


-8-6-4-2 + 2 4 


11. 


13. 


15. 


17. 


19. 


Point: (3, 2) 
5x – 4у = 8 
у = ix =2 


(a) Parallel slope: m = 2 


у -(-2) = 4х - 3) 


оета 
у=х-% 
(b) Perpendicular slope: m — -i 
2.4 
»-(-2) = -4r - 3) 
2.4 
RPL cL H 
у= 4+2 
Verbal Model: Sale price = (List price) — (Discount) 
Labels: Sale price = 5 
List price = L 
Discount = 20% of L = 0.2L 
Equation: S-L-02L 
S = 0.8L 
16х = уќ = 0 
y* = 16x 
y= +24/x 


No, y is not a function of x. Some x-values correspond to 
two y-values. 


y-wNl-x 


Yes, the equation represents y as a function of x. Each 
x-value, x < 1, corresponds to only one y-value. 


(9) glt +1) = (t 1) 
(c) (-27)^ = (-3)* = 81 


@ g(-x) = (C3) = à? 
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21. f(x) = 425 - x? 
Domain: 25 — x? 


(5 + x)(5 - х) 


IV 


IV 


Critical numbers: x = +5 
Test intervals: (—ee, —5), (—5, 5), (5, өө) 
Test: Is 25 — x? > 0? 


Solution set: -5 <x < 5 


Domain: all real numbers x such that —5 € x € 5, or [-5, 5] 


23. y(t) = -32t + 48 
v(1) = 16 feet per second 


25. f(x) = 2x? +3x-1 


Деж н) px) Рб hy + 3(x + h) - 1] - (2x? + 3x - 1) 
h ~ h 
| 2x? + Axh + 2h? + 3x + 3h -1- 2x? - 3x41 
h 


h(4x + 2h + 3) 
h 
=4x+2h+3, h 20 


27. y = (x-3) 31. f(x) =|х|+|х + 1| 


A vertical line intersects the graph no more than once, so fis increasing on (0, од, 
y is a function of x. 
fis decreasing on (79s, zl 
29. f(x) = 5x? +4x-1 
fis constant on (-1, 0). 
5x? +4x-1=0 
(5x = D(x + 1) = 0 


5 


5х-1= 0 5х = 


nl 


x*1202x-2-1 -5 4 
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33. f(x) =-x° + 2x41 dm 43. . 
Relative maximum: (1, 2) 
-3 3 
= 
35. f(x) = -x° + 8x 4 +> х 
2 3 
(0-50 m-C4., a 
4-0 4 
The average rate of change of f from x, = 0 to 45. f(x) 2 Jx 
x, = 4 184. 
А 
зт. Р(х) = х? + 4х7 * 
3+ 
f(-x) = C3! + 4(-x) -7 ji 
= E _ 4х E 7 l^ 
# f(x) Л 123457 
-1 
z -f(x) ES 
The function is neither even nor odd, so the graph has no 
symmetry. 47. g(x) = Ix] -2 
39. f(x) = 2xVx? +3 À 
f) = 3093403! +3 T we 
ee ae 
-2@-0 
= —f(x) e—ó 
The function is odd, so the graph has origin symmetry. 2 1 
-6Т 
41. (а) 702) = -6, f(-1) = 3 
5x — 3, x2-l 
Points: (2, —6), (Ч, 3) шан -4х-5, х«-1 
3-1-6 y 
m= ( ) = 9 == 3 A 
-1-2 -3 ү 
y - (-6) = -3(x - 2) ral 
у+б = -3х +6 TEENS EP 
-12-9-6-3 | 3 6 9 1215 
y = -3x 
f(x) = -3x -451 
-154 


(b) 1 
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51. (a) f(x) = 22 
(b A(x) = x? -9 


Vertical shift 9 units downward 


(4) A(x) = f(x) - 9 


53. (a) f(x) =|х| 
(b A(x) =|х+3|—5 


Horizontal shift 3 units to the left and a vertical shift 
5 units downward 


(4) A(x) = f(x + 3) -5 


55. (a) f(x) = 22 
(b) A(x) = -(x 42) +3 


Reflection in the x-axis, a horizontal shift 2 units to 
the left, and a vertical shift 3 units upward 


(d A(x) = —f(x + 2) +3 
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57. (а) f(x) = [5] 
(6) A(x) = -[x] + 6 


Reflection in the x-axis and a vertical shift 6 units 
upward 


(à) (x) --/0) +6 


59. (a) f(x) = x 
(b A(x) =-Vx+1+9 


Reflection in the x-axis, a horizontal shift 1 unit to 
the left, and a vertical shift 9 units upward 


N 


1 
ь 

0 
N 
N 
> 
a 


f + g(x) = (x? +3) + (2x -1) =x? «2x «2 
(b) (f - g)(x) = (x? +3) – (2x -1) = x? - 2x + 4 


(с) (x)= (x? + 3)(2x - 1) = 2x? - x? + 6x -3 


2 
(d) f (x) шон 2 Domain: x # 1 
g 2x -1 2 
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63. 


65. 


67. 


69. 


Chapter 2 Functions and Their Graphs 


f(x) = ix — 3, g(x) = 3x +1 

The domains of f and g are all real numbers. 
(а) (7° 8) = fet) 

f(3x + 1) 


Ш 
з 
3e 

| 

| 
(95) 


Domain: all real numbers 


8(/(4) 
#(ух - 3) 


= 3(ix -3) +1 


(b) (g » f)(x) 


=x-9+1 
x-8 


Domain: all real numbers 


(f © g)(x) = f(0.95x) = 0.95x — 100 represents the sale price if first the 5% discount is applied and then the $100 rebate. 


fe) = 2 
х-4 
цан 
E ioi 
6 
5х = у- 4 
у = 5х +4 
So, f'(x) = 5x + 4. 
fü) = fex + 4) = 2 = .X.. 
P(g) = nS) E25) e sas 
f(x) = (x -y 


No, the function does not have an inverse because the 


horizontal line test fails. 
6 


71. (a) f(x) = }х-3 (b) 1 
81/ g-1 
y -1x-3 62 
x -41у-3 
x +3 = ty 
2х-3)-у 
(х) = 2x +6 


(c) The graph of f™ is the reflection of the graph of fin 
the line y = x. 


(d) The domains and ranges of fand f^! are the set of all 


real numbers. 


The range of fand the domain of f~ is [0, о), 
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73. f(x) = 2(x - 4y is increasing on (4, og, 75. False. The graph is reflected in the x-axis, shifted 9 units 
to the left, then shifted 13 units downward. 
Let f(x) = 2(x - 4)?, x » 4 and y > 0. У 


ll 
N 
— 
= 
| 
A 
Zz 


ll 
N 
г- 
ы 
| 
A 
XI 
N 
= 
у 
© 
ыч 
M 
A 
! 
Ї 


ll 
~ 
x 
| 
A 
== 
N 
1 
© 
t 


Problem Solving for Chapter 2 


1. (a) W, = 0.075 + 2000 
(b) W, = 0.055 + 2300 


(c) 5,000 


(15,000, 3050) 


30,000 


0 
Point of intersection: (15,000, 3050) 


Both jobs pay the same, $3050, if you sell $15,000 per month. 


(d) No. If you think you can sell $20,000 per month, keep your current job with the higher commission rate. For sales over 
$15,000 it pays more than the other job. 


3. (a) Let f(x) and g(x) be two even functions. (b) Let f(x) and g(x) be two odd functions. 
Then define h(x) = f(x) + g(x). Then define h(x) = f(x) + g(x). 
h(-x) = f(-x) € Cx) h(-x) = f(-x) + g(-x) 
= f(x) + g(x) because f and g are even = —f(x) + g(x) because f and g are odd 
= h(x) = -h(x) 
So, h(x) is also even. So, h(x) is also odd. (If f(x) # g(x)) 


(c) Let f(x) be odd and g(x) be even. Then define A(x) = f(x) + g(x). 
Wea) = f C3) + C9) 
= —f(x) + g(x) because f is odd and g is even 
# h(x) 
# —h(x) 


So, h(x) is neither odd nor even. 
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5. f(x) = yy XO" + аз, 3X7 2 +++ ax) + а 


f(-x) = ay (x) " + а(х)" Tec ах(-х) +a = ах?" + Ce Tec ах? +a = f(x) 
So, f(x) is even. 
7. (a) April 11: 10 hours 9. (a)-(d) Use f(x) = 4x and g(x) = x + 6. 


April 12: 24 hours 


o - 6) = A(x + 6) = 4x + 24 
April 13: 24 hours (а) (F © g(x) = f(x + 6) = 4(x + 6) = 4x + 


-1 x — 24 1 
April 14: 232 hours (b (f° g) (x) = 4 а" - 6 
2 1 
Total: ЈЕ hours (с) f'(x) = a 
; g'(x) =x-6 
(b) Speed = шини Е 2100 _ 180 | 252 mph | | 
time 815 7 7 (d) (e 5 70) = e) - 15 6 
180 БН - 
(c) D= Er + 3400 (e) f(x) = x + Land g(x) = 2х 
f ° g)(x) = f(2x) = (2x) «128841 
Domain: 0 < ¢ < H22 ( Хх) ( ) ( ) 
cbe. pec la 
Range: 0 < D < 3400 та er 
(d) 1 Там) = 8 х-1 
4000 1 
4 3500 -1 
2. g (x) = =x 
8 20 2 
2 теч (gto F(x) = e" (Vx -1) = 2 Yx-1 
á 1000 
m ; (f) Answers will vary. 
30 60 90 120 150 | : e E E 
Hours (в) Conjecture: (f o g) (x) = (= о f (х) 
1, > 
п. H(x) = l ^ 
0 x«0 
1 
3+ 
Le 
Ot 
-3 -2 -l 1 2 3 
-14 
234 
(a) H(x)-2 (b) H(x-2) © -H(x) 
N ) : 
3T 31 3+ 
Е à | 
i : 1 
i+ 14 1 Ї 
Hp - + p —————9 —Ó— x ———À 00000 Ct 
-3 -2 -1 1 2 3 -3 -2 -1 | 1 2 3 -3 -2 -1 | 1 2 3 
-i—— -1 -1—— 
——4 al 2] 
-34 -31 PI 
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1 
(à H(-x) (е) iHa) (f -Н(х-2)-2 
! А А 
3T 3+ 34 
2 24 C) 
———— 14 14 &—— 
ө — 
4 n n MÀ X ————. + + fom + + +> 
3 2 1 1 2 3 3 1 1 2 3 3 1 1 3 
=] -1 1 
31 3 3+ 


(7° (g © A))(x) = Flle ° 09) = Fle) = (/ өв ° 00) 

((f © в) » A(x) = (F ° g(a) = lelh) = (F ° в (А) 
x (70917709 9 [x | Are) © [x (ra ry) 
4| — 2 -4 | ДЯ/Ч-4) = 02) --4 -3 | f(-3) + f(3) -441-5 
-3 | 4 1 -2| f(£?() = f(0) = 2 -2 | f(2*f£(2)21«0-21 
-2 | 1 0 o | f(£^(0)- F(-1) =0 0 | f(0) + f^ (0) --24(-1) = -3 
41 o = 4 | F(A) = (3) = 4 1 | 042770) = -3 + (-2) = -5 
0 -2 -1 
ан" | —2 MERE шиг (€) 
"A RR ERR -3 | f(-3)f7"(-3) = (4() = 4 -4 | |7 (-4@)|=|2|= 
qu -2 | f(-2/7(2) = 110) = 0 -3 | “3 -1Ц-1 
acum DE o | FTO) -(-21-1) = 2 о | |700) =|-0=1 

1 | FOTM = 0302) = 6 4-1 | /7(4|-| 3-3 
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Practice Test for Chapter 2 
1. Find the equation of the line through (2, 4) and (3, –1). 
2. Find the equation of the line with slope m = 4/3 and y-intercept b = —3. 
3. Find the equation of the line through (4, 1) perpendicular to the line 2x + 3y = 0. 


4. If it costs a company $32 to produce 5 units of a product and $44 to produce 9 units, how much does it cost to produce 
20 units? (Assume that the cost function is linear.) 


5. Given f(x) = x? – 2x +1, find f(x - 3). 


fx) = f) 


6. Given f(x) = 4x — 11, find з 
ow 


7. Find the domain and range of f(x) = 4/36 - x. 


8. Which equations determine y as a function of x? 
(a) бх – 5у +4 = 0 


(b х2 + у? = 9 
(с) ух +6 
9. Sketch the graph of f(x) = x? — 5. 


10. Sketch the graph of f(x) =|x + 3]. 


2x4+1, ifx = 0, 


2 


11. Sketch the graph of f(x) = | ? 
x =x, ifx <0. 


12. Use the graph of f(x) = |х| to graph the following: 
(а) f(x + 2) (Ы) —f(x) + 2 
13. Given f(x) = 3x + 7 and g(x) = 2х? — 5, find the following: 
(а) (s - fx) (Ы) (Ж)(х) 
14. Given f(x) = x? – 2x +16 and g(x) = 2x + 3, find f(g(x)). 
15. Given f(x) = x? + 7, find f'(x). 
16. Which of the following functions have inverses? 
(a) f(x) = |х - 6| (b) f(x) =ax+b,a 40 (c) f(x) =x -19 


17. Given f(x) = 650 < x € 3, find / (5) 
X 


Exercises 18—20, true or false? 


18. y = 3х + 7 and y= ix — 4 are perpendicular. 


19. (fog) = g'o у 


20. If a function has an inverse, then it must pass both the Vertical Line Test and the Horizontal Line Test. 
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CHAPTER 3 
Polynomial Functions 


Section 3.1 Quadratic Functions and Models 


1. nonnegative integer; real 6. f(x) = (x + їр — 2 opens upward and has vertex 


3. Yes, f(x) = (x - 2) + 3 isin the form (—1, -2). Matches graph (a). 


2 | 
f(x) = а(х — В) +k. The vertex is (2, 3). 7. f(x) = (x - 4)” opens downward and has vertex 


5. f(x) = x? — 2 opens upward and has vertex (0, —2). (4, 0). Matches graph (c). 


Matches graph (b). 2 
graph (b) 8. f(x) 2 4 - (x 2y = -(x — 2) + 4 opens 
downward and has vertex (2, 4). Matches graph (d). 
ls 1,2 2222 PEE ND 
9. (а) у = 5х (b y»--gx (с) у= 5х (d у= -3х 


y y y y 


Vertical shrink Vertical shrink and a Vertical stretch Vertical stretch and a 
reflection in the x-axis reflection in the x-axis 
2 2 1.V 2 
п. (а) y = (x - 1) () y = (3x) +1 (c) y = (1х) -3 (d у= (х +3) 
1 y y y 
54 
| 
T 
| 
! »- X +> x 
-2 -1 | 12 3 4 2 4 
-1+ 
Horizontal shift one unit Horizontal shrink Horizontal stretch and Horizontal shift three 
to the right and a vertical shift a vertical shift three units to the left 


one unit upward units downward 
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13. f(x) = x? — бх 19. f(x) = x? — 8x + 21 
= (x? - 6x +9)-9 = (x? - 8x +16) - 16 + 21 
=(x-3) -9 -(х-4) +5 
Vertex: (3, —9) Vertex: (4, 5) 


Axis of symmetry: x = 3 y Axis of symmetry: x = 4 


Find x-intercepts: Find x-intercepts: 

x!- 6x20 x!-8x-2120 1 

_ = 2 _ 8 — —21 10 - 

x(x- 6) = 0 - x x | 

x20 x? — 8x + 16 = -21416 
х-6= 0 = х= 6 (х= 4) = —5 44 
x-intercepts: (0, 0), (6, 0 ар + 5 24 
| | | | i 1 И 1 2 2 4 i 10 ~ 
х= 4+ 4/51 “nl * t 

15. h(x) = x? — 8x +16 = (x - 4) T 


Not a real number 


Vertex: (4, 0) No x-intercepts 


Axis of symmetry: x = 4 


5 
MP 
Find x-intercepts: 21. f(x) 2 -x° +x- P 
2 
гаж: Тай: = {2 -x+ 5) 
x-4=0 4 
x=4 


ll 
Гарны 
E 
N 
з 
+ 
j= 
Sea 
| 
+ 
Ale 


x-intercept: (4, 0) 


1 
| 
“агт 
E 
| 
Nile 
син, 
N 
| 
= 


17. f(x) 2x - 6x «2 
= (x? - 6x +9)-942 У 


= (x? - 6х +9) -7 


-(х-3)-1 
Vertex: (3, –7) 
Axis of symmetry: х = 3 


Find x-intercepts: 
х2 -6x+2=0 
x — бх = -2 
x!-6x492-249 
(x-3y 27 
Find x-intercepts: 
3 a7 


1 1 
Axis of symmetry: x = 2 


ll 


x 


2 Э 
x-intercepts: (3 + 7, 0) eS 4 4 


No x-intercepts 
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-x +2x+5 


-(x? -2x + 1) – (-1) + 5 


ll 


23. f(x) 


ll 


= -(x - 1)’ + 6 
Vertex: (1, 6) 
Axis of symmetry: x = 1 


Find x-intercepts: 


=х2 +2x+5=0 
х2 -2x-5=0 


2+~/4+4 20 


2 
=1+/6 
x-intercepts: (1 — V6, 0), (1 + V6, 0) 


25. 


1 
EN 
acum: 
= 
| 
| - 
CAMP 
N 
+ Az 
N 
© 


Vertex: E 2 
2 


Axis of symmetry: x = 5 
Find x-intercepts: 
4x? – 4x + 21=0 
m 4 + \/16 — 336 
2(4) 


Not a real number 


No x-intercepts 
ў 
А 


27. 


29. 


31. 


33. 


35. 


f(x) = -(x? + 2x 3) = (x 1) +4 


Vertex: (-1, 4) 5 

Axis of symmetry: x = –1 

x-intercepts: (—3, 0), (1, 0) шан 

Vertex: (—4, —5) ч 

Axis of symmetry: x = —4 

x-intercepts: (4 + 4/5, 0) 2 е 
-8 


f(x) 


ч 


-2x? + 12x — 18 


A(x? 6x +9 9) 18 


—2(х? - бх +9) +18 —18 


—2(х? - 6x + 9) 


= -2(x – 3)? 


2 
Vertex: (3, 0) -8 

Axis of symmetry: x = 3 

x-intercept: (3, 0) 

Vertex: (-2, -3) T 

Axis of symmetry: x = —2 са à 
x-intercepts: (-2 + V6, 0) 


(-2, -1) is the vertex. 


f(x) = a(x + 2)? -1 

Because the graph passes through (0, 3), 
3 =a(0+2) -1 

3 = 4а -1 
4 = 4а 

1 
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37. 


39. 


41. 


43. 


(-2, 5) is the vertex. 

f(x) = a(x 2) +5 

Because the graph passes through (0, 9), 
9 = a(0 + 2)? + 5 


4 = 4а 


Ia. 


So, f(x) = Ix +2) +5 =(x+2) +5. 


(1, —2) is the vertex. 
f(x) = a(x - 1) -2 
Because the graph passes through (—1, 14), 


14 = a(-1- 1) -2 


14 2 4a - 2 
16 = 4a 
4 = а. 


So, f(x) = 4(x - 1) - 2. 

(5. 12) is the vertex. 

f(x) = a(x - 5)? +12 

Because the graph passes through (7, 15), 


15 


ll 


а(7 - 5 +12 


3=4a > а= 2. 
So, f(x) = 3(x - 5) + 12. 
(-. i is the vertex. 


f(x) = a(x + 1) +3 


Because the graph passes through (-2, 0), 
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45. 


4T. 


49. 


51. 


53. 


y2x-2x-3 
0 = х? – 2х - 3 


(х - 31 х + 1) 


х= 3 огх = -1 


x-intercepts: (3, 0), (-1, 0) 


у = 2х? + 5x – 3 
0 = 2х2 + 5x – 3 
0 = (2x - 1)(х + 3) 
2х-1=0= х= 5 
х+3 = 0 х= -3 


x-intercepts: (4. 0), (-3, 0) 


f(x) = x! - 4x 
x-intercepts: (0, 0), (4, 0) E 1 
0 = x? – 4x 
0 = x(x — 4) T 
x-0 or x= 
The x-intercepts and the solutions of f(x) = 0 are the 
same. 
f(x) = x? - 8x - 20 
x-intercepts: (—2, 0), (10, 0) 10 
0 = x? — 8x – 20 ^ k 
0- (х + 2)(x - 10) 
хи25:0-эх-э-2 
-40 
х-10 = 0 = х= 10 
The x-intercepts and the solutions of f(x) = 0 are ће 
same. 
(а) f(x) = [х - C3] 3) 


= (х + 3)(х – 3) 

= x? — 9 opens upward 
6) g(x) = |х - C3) - 3) 

- -(x + 3)(x - 3) 


= —x? + 9 opens downward 
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55. (а) f(x) = (x - I(x - 1) 
= x? — 2x + 1 opens upward 


(b) g(x) = —x? + Lopens downward 


57. Let x = the first number and y = the second number. 
Then the sum is 
x+ y=110 > y =110- x. 
The product is Р(х) = xy = x(110 - x) = 110x - x’. 
Р(х) = —х? + 110x 

(x? -110x + 3025 — 3025) 


(х - 55} - 3025] 


ll 


-(x — 55)? + 3025 


The maximum value of the product occurs at the vertex of P(x) and is 3025. This happens when x = y = 55. 


59. Let x = the first number and y = the second number. 


Then the sum is 


x+2y = 24 y 


24-- 
The product is P(x) = xy = ( =) 
P(x) = ice + 24x) 
2 


= E - 24x + 144 — 144) 


1 1 


= le 12)° 144] = -5 


2 


(х = 12) + 72 


The maximum value of ће product occurs at the vertex of P(x) and is 72. This happens when х = 12 and 


y = (24 - 12)/2 = 6. So, the numbers are 12 and 6. 


61. y = Mur PRESSE ADS 
9 9 
The vertex occurs at Ei COMM 3. The maximum height is y(3) = Jy + 210) + 12 = 16 feet. 
2a — 2(-4/9) 9 9 


63. С = 800 — 10x + 025x? = 0.25x? — 10x + 800 


The vertex occurs at x 285 20 
2а 2(0.25) 


The cost is minimum when x — 20 fixtures. 
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65. (a) | 
| 


It , ——e ti X i 


4x + 3y = 200 y= 10200 4х) = “(50 x) 


8x(50 - x) 
3 


А = 2ху = 24460 2 = x(50 x) = 
(b) To find the dimensions that produce a maximum enclosed area, you can find the vertex. 


To do this, either write the quadratic function in standard form or use x = a so the coordinates of the vertex are 
a 


a 
ll 
| 
з 
A 
чл 
© 
| 
з 
a 


! 
| 
то 
з 

N 
| 
nN 
о 
з 
оо 


-$e - 50x + 625 — 625) 


=e - 25) - 625] 


3 
Е Е 25) i 5000 
3 3 
0 400 
So the vertex is 25, 5000 from the standard form, or is x = Be аен NT 25and A(25) = 2009 
3 2а 2-3) 16 3 
200 — 4(25 
When x = 25 feet and y = | 3 | ) Е = feet. 


The dimensions are 2x = 50 feet by 33 feet, and the maximum enclosed area is 2000 = 1666.67 square feet. 


67. True. The equation —12x* — 1 = 0 has no real solution, so the graph has по x-intercepts. 


69. f(x) = x? + bx — 25, minimum value: —50 


The minimum value, —50, is the y-coordinate of the vertex. 


Find the x-coordinate: 
b b b 


2a 2(1) 2 
f(x) = x? + bx — 25 


x 


=> 
ae ^ 
|е 
b ENS 

ll 
„ы, 
Nile 
ЕЕ a 
N 

+ 
> 
iN 
Nile 
Sit 
ко 
сл 


2 2 
р -%25 
4 2 
A 
35.75. 
4 
100 = 2? 
+10 =b 
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71. f(x) = ax? * bx +c 73. 3x" 
say 5 e (a) Standard form: 3x* 
Ч (b) Degree: 4 
EE 25 х i A Leading coefficient: 3 
a 4a 4 (c) Monomial 
zu LR 75 4x? +1 
24 d .x—4x + 
ND 
1 bY дас (a) Standard form: -4x^ + x + 1 
Hut 2a T 4a (b) Degree: 2 
2 Leading coefficient: —4 
1 21-41 zi Lee Tri ial 
93 iz] РБ (c) Trinomia 
2 2: 
DEAE E 77. 293 + 15 
4a 2a 4 
2 _ 552 22 
a2 эшл а= саке (а) Standard form: –29х° + ыг 
4а 4a 4 
So, the vertex occurs at (b) Degree: 3 
| b Дас — : х | b if b \ Leading coefficient: —29 
2a 4a 2a 2a (c) Binomial 


79. (y-1(y-9)2y-9y-y«9-2 у? – 10у +9 


81. (x? +x- 3)(x? = 4x - 2) = (х* = 4x3 – 2x°) + (х? 4x? 23) 3(x? 4x 2) 


xt — Зх? — 9x? + 10x + 6 


83. y = (x + 2) 
у =0 > x = -2 = x-intercept: (-2, 0) 
x=0> y = 4 = у-ішегсері: (0, 4) 
85. y2|x-4|-2 


y=0 > |x - 4| =2>x=2,6 x-intercepts: (2, 0), (6, 0) 


0 => y = 2 = y-intercept: (0, 2) 


Section 3.2 Polynomial Functions of Higher Degree 


1. continuous 7. Because fis a polynomial, it is a continuous on (ху, x;] 


3. touches; crosses and f(x) «0 and f(x.) >0.Then f(x) =0 for some 


value of x in ху, x2]. 
5. No. If fis an even-degree fourth-degree polynomial 


function, its left and right end behavior is either that it 
rises left and right or falls left and right. 
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(c) f(x) = al 


Reflection in the x-axis and a vertical shrink 


. . . 1 
Horizontal shift four units to the right (each y-value is multiplied by 1| 


(fo) asa (@ fx) =(x-4) -4 


Horizontal shift four units to the right and vertical 
shift four units downward 


(с) f(x) =4- x7 


y 
A 


сэр най. 
Horizontal shift three Vertical shift three units Reflection in the x-axis and then 
units to the left downward a vertical shift four units upward 
4 
(4) f(x) -4х-1) (е) f(x) = (2x)' +1 (f) f(x) = (4x) -2 


2 


Horizontal shift one unit to 


Vertical shift one unit upward Vertical shift two units downward 


the right and a vertical shrink and a horizontal shrink (each and a horizontal stretch (each y-value 


(cach y-value is multiplied by 1 y-value is multiplied by 16) is multipied by ij 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


21. 


23. 


25. 


Chapter 3 Polynomial Functions 

f(x) = -2x? – 5x is a parabola with x-intercepts 
(0, 0) and (-ż, 0) and opens downward. Matches 
graph (c). 

f(x) = 2x? – 3x + 1 has intercepts 


(0, 1), (1, 0), (-4 = 13, 0) and (-4 + 14/3, 0), 
Matches graph (f). 
f(x) = xd + Зх? has intercepts (0, 0) and 


(2V3, 0). Matches graph (a). 


f(x) = зэ -x5- 3 has y-intercept (0, -4), 
Matches graph (e). 


f(x) = x* + 2x° has intercepts (0, 0) and (-2, 0). 
Matches graph (d). 


f(x) = ie — 2x! + х has intercepts 


(0, 0), (1, 0), (-1, 0), (3, 0), (-3, 0). Matches graph (b). 


f(x) = 12x? + 4x 


Degree: 3 
Leading coefficient: 12 
The degree is odd and the leading coefficient is positive. 


The graph falls to the left and rises to the right. 

g(x) -5- ix — 3x? 

Degree: 2 

Leading coefficient: —3 

The degree is even and the leading coefficient is 
negative. The graph falls to the left and falls to the right. 
g(x) = бх - 9x? + x? 

Degree: 3 

Leading coefficient: —9 

The degree is odd and the leading coefficient is negative. 
The graph rises to the left and falls to the right. 

f(x) = 9.8x° - 12x 


Degree: 6 
Leading coefficient: 9.8 


The degree is even and the leading coefficient is positive. 


The graph rises to the left and rises to the right. 


27. f(s) --4(8/ + 552 — 75 + 1) 


Degree: 3 


1 


Leading coefficient: — Е 


The degree is odd and the leading coefficient is negative. 


The graph rises to the left and falls to the right. 


29. f(x) = 32 -9x + l; g(x) = 3x? 


= -y 
x+6=0 x-6=0 
x = -6 x= 
Zeros: +6 
(b) Each zero has a multiplicity of one (odd 
multiplicity). 
(c) Turning points: 1 (the vertex of the parabola) 
(d) Т 
-12 12 


35. A(t) = ü — 6t +9 
(a) 0-2 2-6 -9-(r-3y 
Zero: t = 3 
(b) т = 3 has a multiplicity of 2 (even multiplicity). 


(c) Turning points: 1 (the vertex of the parabola) 
(d) 10 
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(a) O= 12 +ix-4 
= (x? + x - 2) 
= ix + 2)(x – 1) 
Zeros: x = -2,x = 1 


(b) Each zero has a multiplicity of 1 (odd multiplicity). 
(c) Turning points: 1 (the vertex of the parabola) 
(d) 


41. f(x) = -3x° + 12x? – 3x 


(а) 0 = -3x3 + 12x? - 3x = -3x(x? - 4x +1) 


Zeros: x = 0, x = 2+ V3 (by Quadratic Formula) 


(b) Each zero has a multiplicity of 1 (odd multiplicity). 


(c) Turning points: 2 


(d) 


24 


-8 


43. g(t) = P — 6? + 9r 


(a) 


(b) 


0 


6-68 + 9 = (e - 62 + 9) = (e - 3) 


(+ fp y 


Zeros: t = 0, t = ЁМН 


t 


t 


ll 


0 has a multiplicity of 1 (odd multiplicity). 


+/3 each have a multiplicity of 2 (even multiplicity). 


(c) Turning points: 4 


(d) 


39. g(x) - 5х(х? - 2х – 1) 


(a) 0 = 5х(х? — 2x- 1) 


0 


x(x? — 2x — 1) 


For х2 — 2x — 1 = 0,a =1,b = -2,c =-1. 


2 t8 


2 
2142 


Zeros: x 20, x = 1+ 4/2 


(b) Each zero has a multiplicity of 1 (odd multiplicity). 
(c) Turning points: 2 


8 


-24 
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45. 


4T. 


49. 


Chapter 3 Polynomial Functions 


f(x) 23x + 9х? + 6 
(а) 0 = 3х* + 9x? + 6 
0 = 3(х* + 3x? + 2) 


0 = 3(x? + D? + 2) 


No real zeros 
(b) No multiplicity 


(c) Turning points: 1 


g(x) = x? + 3x? – 4x - 12 
(a) 0 = х + 3x? – 4x - 12 = x'(x + 3) - 4(x + 3) 
ЁД - 4)(х + 3) = (x — 2)(x + 2)(x + 3) 


Zeros: x = +2, x = —3 


(b) Each zero has a multiplicity of 1 (odd multiplicity). 
(c) Turning points: 2 
(d) 1 


-8 7 


-16 


у = 4x3 — 20x? + 25x 
(a) 12 


-4 
(b) x-intercepts: (0, 0), (3, 0) 


(с) 0 = 4x! - 20 + 25x 
0- x(4x? — 20x + 25) 


0 = x(2x - 5)” 
х = 0,4 


(d) The solutions are the same as the x-coordinates of 
the x-intercepts. 


51. y = х? — 58 + 4x 
(a) T 


-4 


(b) x-intercepts: (0, 0), (+1, 0), (+2, 0) 


— 


(c) 0 
0 = x(x? - 1)(x? - 4) 
0 = x( 


x = 0, +1, +2 


The solutions are the same as the x-coordinates of 
the x-intercepts. 


(d 


хи 


53. f(x) -4(х-01х-07) 
= х? – 7х 
Note: f(x) = ах(х — 7) has zeros 0 and 7 for all real 


numbers a # 0. 


55. f(x) 


(x — 0)(х + 2)(x + 4) 
= x(x? + 6x + 8) 
= x? + 6x? + 8x 


Note: f(x) = ax(x + 2)(х + 4) has zeros 0, —2, and 


—4 for all real numbersa # 0. 


57. f(x) = (x - 4)(x + 3)(x — 3)(x — 0) 
= (x - 4)(x? - 9)x 
= xf — 4x9 — 9x? + 36x 
Note: f(x) = a(x* — 4x? — 9x? + 36x) has zeros 


4, —3,3, and 0 for all real numbers a + 0. 
59. f(x) = [x - (1+ V2)] - (1 - v2)] 
= (х -1) - /2](х -1) + v2] 
„кә (ya) 
=x -2x+1-2 
my uy m] 
Note: f(x) = a(x? = 2x — 1) has zeros 1 + 4/2 and 
1- J2 for all real numbersa # 0. 
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67. 


69. 
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x - (2 + Js) [x - (2 - V5)] 63. f(x) = (x + 3)(х +3) = x? + 6x +9 

(x= 2) = V5 [(x EET V5 | Note: f(x) = a(x? + 6x + 9), a + 0, has degree 2 and 
Г | zerox = —3. 

65. f(x) = (x — 0)(x + 5)(х - 1) 


x - 2x? - 4x - 1) а. 
= х + 4x° – 5x 


Note: f(x) = ax(x? + 4x – 5), а # 0, has degree 3 


=x 6х2 +7x+2 


Note: f(x) = a(x? - 6х2 + 7х + 2) has zeros 2, 


and zeros x = 0, —5, and 1. 
2+ 4/5, and 2 — 4/5 for all real numbers a # 0. 


f(x) = (x - (CS) (x -= D(x - 2) = x* + 78 — 3x? — 55x + 50 

or f(x) = (x - (-S)(x - 1f (x - 2) = x* + x? – 15x? + 23x - 10 

or f(x) = (x - (-5)\(x - I(x - 2)? = x* - 17x? + 36x - 20 

Note: Any nonzero scalar multiple of these functions would also have degree 4 and zeros x = —5, 1, and 2. 

f(t) = iP? - 20 +15) 2 16 - 1 +2 71. f(x) = x? — 25x = x(x + 5)(x – 5) 

(a) Rises to the left; rises to the right (a) Falls to the left; rises to the right 

(b) No real zeros (no x-intercepts) (b) Zeros: 0, -5, 5 

ӨГ, 1410 [1 [2 [a Ox 1-1-41011 12 
ГО) | 4.5 | 3.75 | 3.5 | 3.75 | 45 f(x) 42 | 24 10 | 24 | -42 

(d) The graph is a parabola with vertex (1, 2) (9) A 
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73. f(x) = -8 + 154 = Цу - 16) 79. f(x) = 9x2(x +2) 
= Hx? + 4)(x — 2)(x + 2) (a) Falls to the left, rises to the right 
(a) Rises to the left; rises to the right eats ан даг 
(b) Zerosx = +2: (c) x -31-21-11011 
СЭР Tala ГЭМТ 2 f(x) lsi lo 191011 
1019:1-21-1-24 о M ; 
(d) 1 


81. g(t) = -H(t - 2) (¢ + 2) 


(a) Falls to the left; falls to the right 


75. f(x) = Зх? — 15x? + 18x = 3x(x — 2)(x – 3) (b) Zeros: 2, -2 
(a) Falls to the left; rises to the right (c) 
t -3 —2 | -1 0 1 213 
(b) Zeros: 0, 2, 3 
25 9 9 25 
g(t) 5 | | | -2 eae Ка та 


ОЛ 01112125 3 | 3.5 


ғо) | 0} 6) o | -1.875 | 0 | 7.875 


(d) y 


83. f(x) = х? -16x = х(х - 4) х + 4) 


32 


77. f(x) = 5x? — x? = -x?(5 + x) 
(a) Rises to the left; falls to the right -6 
(b) Zeros: 0, —5 


-32 


eI. Lx |-3 |—2 lalo |1 


Zeros: 0 of multiplicity 1; 4 of multiplicity 1; and -4 of 
ғо) |0 |-16|-18 | -121-4 lo |-6 етее 


(d) , 
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87. 


89. 


-6 


Zeros: —1 of multiplicity 2; 3 of multiplicity 1; 


multiplicity 1 


f(x) = х -3x2 +3 


10 


-10 
The function has three zeros. 


They are in the intervals 
[—1, 0], [1, 2], and [2, 3]. They 


are x = —0.879, 1.347, 2.532. 


g(x) = 3x4 + 4? -3 


10 


-10 


The function has two zeros. 
They are in the intervals 
[-2, ^1] аш [0, 1]. They 
are x = —1.585, 0.779. 
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3 оЁ 

х у 
-3 | —51 
-2 | -17 
-1 -1 
0 3 
1 1 
2 -1 
3 3 
4 19 

x у 

-4 | 509 

-3 132 

-2 13 

-1 | 4 

0 -3 

1 4 

2 TI 

3 348 


91. 


93. R= 


95. 


97. 


99. 


(a) Volume =/-w-h 
height = x 
length = width = 36 — 2x 


So, V(x) = (36 - 2х)(36 — 2x)(x) = x(36 — 2x)’. 
(b) Domain: 0 < x < 18 


The length and width must be positive. 


(c) Box Box Box 
Height Width Volume, V 
136-20) | i6 - a(1)P = 1156 
2 | 36 202) | 2[36 – 2(2)] = 2048 
з | 36 - 2(3) | 3[36 - 2(3)] = 2700 
4 | 36 -2(4) | 4[36 - 2(4)] = 3136 
5 |36-25) | s[36 - 2(5)] = 3380 
6 | 36 -2(6) | e36- 2(6)] = 3456 
7 36 - 2(7) | 7[36 - 2(7)] = 3388 


The volume is a maximum of 3456 cubic inches 
when the height is 6 inches and the length and width 
are each 24 inches. So the dimensions are 

6 x 24 x 24 inches. 


(d) 3600 


0 18 
0 


The maximum point on the graph occurs at X — 6. 


This agrees with the maximum found in part (c). 


(-х° + 6005?) 
100,000 


The point of diminishing returns (where the graph 
changes from curving upward to curving downward) 
occurs when x — 200. The point is (200, 160) which 


corresponds to spending $2,000,000 on advertising to 
obtain a revenue of $160 million. 


The graph will always cross the x-axis. 


True. A polynomial function only falls to the right when 
the leading coefficient is negative. 
False. The range of an even function cannot be (—«e, о). 


An even function's graph will fall to the left and right or 
rise to the left and right. 
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101. Answers will vary. Sample answers: 


a < 0 a, > 0 


103. f(x) = xt; f(x) is even. 
(a) g(x) = f(x) + 2 


Vertical shift two units upward 


g(-x) = f(-x) +2 


=f (x) +2 LAE E» x 
xA 9 21 1 2 3 
= g(x) Б 
Even 
(b) g(x) = f(x + 2) (c) g(x) = f(-x) = (-x)* = xt 
Horizontal shift two units to the left Reflection in the y-axis. The graph looks the same. 
Neither odd nor even Even 
(9) g(x) = -f(x) = әй (9 a(x) = Flix) = i 
Reflection in the x-axis Horizontal stretch 
Even Even 
(f) g(x) = /(х) = 53" (g ga) = (227) = (9)! = 8x 20 
Vertical shrink Neither odd nor even 
Even 
4 
w gla) = (F « /)(х) = (Л) = Л) = (0) -эб 
Even 
27 56 
105. 8)216 107. 10)567 
16 50 
56 67 
56 60 
0 7 
216 + 8 = 27 567 + 10 = 56% 
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28 
109. 151/4336 
302 
1316 
1208 
108 
: — 28108 
4336 + 151 = 28151 
111. (12n — 1) + (3n? – 9n) = 3n? + 12n - 9n – 1 = 3n? + 3n -1 
113. (7x? + x + 4) - (2x? - бх) = 7x? + x +4- 2x? + 6x = 5x? + 7х +4 
115. (3 +i) -(5-4) = 3 +i- 5+ 4i = -2 + 5i in, 2 3 _2(1-)-3(1+%) 
| 1l*i 1-1 (1 21 - i) 
117. (1— 6i)(9 + 2i) = 9 – 54i + 2i - 122  2-2i-3-8i 
= 9 — 52i + 12 E 141 
-21- 52i ES 
1-2i 3-i А 
119. (1- 2i) + Gaye . 2 "EN 
341 3-1 2 2 
| 3-Ti «22? 
9-7 
КЕ 
10 
zc xs 
10 10 
Section 3.3 Polynomial and Synthetic Division 
1. f(x) is the dividend; d(x) is the divisor; q(x) is the E x? + 2x - І БЕРЕ 2 
quotient; r(x) is the remainder x+3 x+3 
(a) and (b) Ы 
3. ргорег -9 9 
5. synthetic division 
Vaill 
x d -9 
7. = an =х-2 + 
x+2 ee 90-42, x-1 
x-2 (с) х+3) х2 +2x-1 
x +2)x? + 0x +0 (x? + 3x) 
(x + 2x) -x-1 
-2x + 0 (= -3) 
-2x – 4 2 
4 2 _ 
So, ыг be -1+ and y, = yo. 
y x+3 x 
So, =x-24 and y, = y; 
x+2 x+ 
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6 21. 4|2 10 14 -24 
11. x + 16x +5 8 -8 24 
6x + 6 2 —2 6 0 
-1 
з .— 2 = 
Ox+5 _ 1 2x 10x^ + 14x 25 ee ee ok ud 
х +1 х +1 х-4 
2х + 4 23. 3/6 7 -1 26 
13. x + 32x? + 10x + 12 18 75 222 
Su бу 6 25 74 248 
3 2 _ 
4x + 12 DECRE cO R6 e Ro use do ЕЕ 
4x +12 x-3 шанг 
0 
25 -2 |4 8 -9 -18 


2x? + 10x +12 


=2x+4,x #3 28 0 18 
x+3 
4 0 -9 0 
x + 3x? -1 3 2 
4x -8х7-9х-18 
15. x+ 2)x 5x3 + 6х2 -x-2 E = 4x? —9,x + -2 
xt + 2? 2 
38 + 6x2 d -10 |-1 0 75 —250 
3х3 + 6x2 10 —100 250 
-] 10 —25 0 
-х-2 
= =<, 
-x-2 ко н Е x? + 10x — 25, x # -10 
x +10 
0 
4 3 Dre к 
x” 45x + x Stand pes д 29. 4/1 3 0 5 
х + 
4 4 16 
x 1 1 4 21 
17. x? + Ox + 1)x? + Ox? +0 9 
^ a ^ T à x – 3х2 +5 2 21 
x + Ox? x P Час иг 
-х-09 
х-9 x+9 
x 
x +1 x +1 
2x - 8 


19. x? + 0х 4 1)2x3 8x2 + 3x —9 


2x7 + Ox? + 2х 


-8x + x-9 
-8x) -0x - 8 
х-1 
2x0 — 8x? + 3x - -1 
жеш ea eS 
x +1 x +1 
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33. 


35. 


37. 


39. 


10  —50 0 0 -800 
60 60 360 2160 
10 10 60 360 1360 


10x* — 50x? — 800 
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1360 


x—6 
-g ]ı 0 0 52 
-8 64 -512 
1 -8 64 0 
3 
ХЭ ЗЕТЕ 28 
x+8 
1 
—— |4 16 -23 -—-15 
2 


4x3 + 16x? — 23x — 15 


2 


f(x) = x х? -10x+7,k = 3 


311 -1 -10 7 
3 6 -12 
1 -4 =5 


f(x) = (x - 3)(x? + 2x - 4) - 5 
f(3) = 3° -3 – 103) + 7 = -5 


f(x) = 15x* + 108 – 6x? + 14,k = -4 


=F |15 10 -6 0 14 


= 10x? + 10x? + 60x 


1 
HAs’ + 14x e re 


x—6 


147 
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41. f(x) = 2x80 — 7x +3 
(a) Using the Remainder Theorem: 
10) = 201) – 70) +3 = -2 
Using synthetic division: 
2.0 -7 3 
2 2 -5 


Verify using long division: 


2x? + 2x - 5 
x — 1)2x3 + Ox? - 7x +3 
2x) — 2x? 
2x? – 7x 
2x? — 2x 
-5x +3 
-5x +5 
-2 


(c) Using the Remainder Theorem: 
f(3) = 23) - 7(3) + 3 = 36 
Using synthetic division: 

3 | 20 7 3 


6 18 33 
2 6 11 36 


Verify using long division: 
2x) + бх +11 
xc9 E Qu scu 3 


2x7 — бх? 


6x? — 7x + 3 


6x? — 18x 
lix - 3 
11х — 33 


36 
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(b) Using the Remainder Theorem: 


f(-2) = 2-2) -7(2) +3 =1 


Using synthetic division: 


-2 | 2 0 -7 3 


Verify using long division: 


2x? - Ax +1 
x4 2)2x3 0х2 — 7x +3 


2x) + 4x? 
-4x? – 7х 
-4x? – 8x 
x + 
х+2 


(d) Using the Remainder Theorem: 
f(2) = 202) – 702) +3 =5 


Using synthetic division: 
212 0 -7 3 


4 8 2 
2 4 1 5 
Verify using long division: 
2x? + 4х +1 
х — 2)2ә$ + 0x? -7x +3 
2x) — 4x? 
Ax? — 7x 
4x? – 8x 
x+3 
x-2 
5 
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43. f(x) = 4x* - 16:8 + 7х? + 20 


(a) Using the Remainder Theorem: (b) Using the Remainder Theorem: 
70) = 4()* - 16(1) + 701) + 20 = 15 f(-2) = 4-2) -16-2) + 7(-2} + 20 = 240 
Using synthetic division: Using synthetic division: 
1| 4 -16 7 0 20 -214 -16 7 0 20 
4 -12 -5 -5 -8 48 -110 220 
4 -12 -5 -5 15 4 -24 55 -110 240 
Verify using long division: Verify using long division: 
4x? -12x -5x - 5 4x? — 24x? + 55x – 110 
x 1JAx* 16x? + 7x? + Ox + 20 xd 2)ax4 16x° e Ox + 20 
4x* — 4x3 4x + 8x3 
-12: + 7x? -24х7 + 7x? 
-12x3 + 12x? -2Ax! - 48x? 
-5x? + Ox 55x + 0х 
-5х2 + 5х 55x? + 110x 
—5x + 20 —110х + 20 
—5х + 5 -110х - 220 
15 240 
(c) Using the Remainder Theorem: (d) Using the Remainder Theorem: 
f(5) = 4(5)* -16(5) + 7(5)? + 20 = 695 f(-10) = 4(-10)* – 16(-10) + 7(-10) + 20 = 56,720 
Using synthetic division: Using synthetic division: 
514 -16 7 0 20 -10 | 4  -16 7 0 20 
20 20 135 675 -40 560 -5670 56,700 
4 4 27 135 695 4 -56 567 -5670 56,720 
Verify using long division: Verify using long division: 
Ax + 4x? + 27x + 135 4x7 — 56x? 567x — 5670 
х- 5) х -16x + 7х2 + 0х+ 20 X 4 10)4x4 16x? 4 7х? Ox 4 20 
4x* — 20x 4x* + 40 
Ax + 7x? -56x + 7х? 
4x? - 20x? -56x) - 560x? 
27x)! + Ox 567x? + Ox 
27x? – 135x 567x? + 5670x 
135x + 20 —5670x + 20 
135x — 675 —5670x — 56,700 
695 56,720 
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48: uds 6 11 6 53. f(x) = 6? + 41x? - 9x – 14; 
-3 -9 -6 Factors: (2x + 1), (3x — 2) 
з 2 0 
3 2 2 (a) zx 
6x + 11x + 6 = (x + 3)(x? + 3x + 2) ze EB. wage 214 
= (x + 3)(x + 2)(x +1) n == -28 


Zeros: —3, -2, -1 


"e needs. Ол. Sin A 28 
ee M 6 42 0 
ana? tee : Both are factors of f (x) because the remainders 
2x3 — 15x? + 27x – 10 = (x - ia? - 14x + 20) are zero. 
= (2x - (x - 2x - 5) (b) 6x + 42 = 6(x + 7) 
Zeros: L 2,5 
? This shows that . 7 - 6(x + 7), 
TEF: ce 
JS. 3+2/3 c9 f(x) 
so =х+7. 
[cU 23 0 Qx-18x-2) > 
fF ud. Deals 243 The remaining factor is (x + 7). 
-J3 -2V3 (с) f(x) = (x + 7)(2x + 1)(3х — 2) 
1 2 0 12 
d) Zeros: —7, -— = 
х? + 2x7 — 3x — 6 = (x - V3)(x + V3)(x + 2) Crees 23 
(e) 320 
Zeros: ex. x3. -2 
51. f(x) = 2:2 + x? — 5x + 2; Factors: (x + 2), (x — 1) 
-9 3 
(а) -2|2 1 -5 2 20 
4 6 -2 
2 3 1 0 55. f(x) = х? – 2x? - 5x + 10 
iia 3 i (a) The zeros of fare x = 2 and x = +2.236. 
2 i (b) An exact zero is x = 2. 
522104 (0 211 -2 -5 10 
Е ; 2 0 —10 
Both are factors of f(x) because the remainders 
are zero. | 5 9 
(b) The remaining factor of f(x) is (2x — 1). f(x) = (x - 2)(x? - 5) 
(c) f(x) = (2x - I(x + 2)(x = 1) = (x - 2 x - V5)(x + V5) 
(d) Zeros: 3 -2,1 
(е) : 
-6 6 
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57. h(x) = x 


7x* + 10x? + 14x? — 24x 


(a) The zeros ofh are x = 0, х = 3, х = 4, 
x = 1.414, x є -1.414. 


(b) An exact zero is x = 4. 


(б) 411 -7 10 14 -24 
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63. False. If (7x + 4) isa factor of f, then =. is a zero 


of f. 


65. True. The degree of the numerator is greater than the 


degree of the denominator. 


67. To divide x? + 3x — 5by x 


+ 1 using synthetic 


division, the value of kis k = —l not k = 1 аѕ shown. 


h(x) = (x - 4)(x* — 338 — 2x? + 6x) zi ue 
1 2 Cp < Remainder: —7 
= x(x - 4) х - JE + V2)(x - V2) 
х2" + бх" + 9 
so, 25-85 +243 69. x" + вре + 9x2" + 27x" + 27 
2x - 3 хэ" га 3x2" 
5 4 g 1 3 6x + 27x" 
(Dur 144 6x?" + 18x" 
4 2 2 0 9x" + 27 
9x" + 27 
3 _ 9,2 
SE CUN 1533 2 ax? —2x-2 = 22x" -x-1 0 
7 55 3n 2n n 
2 x = +27 Ly g 6x" +9, x" +3 
ae, x" + 
gu dt = H шэг sox es 
x- 71. Saa Ж .=3 [s 
61. (a) 2200200 5 45 210 
1 9 42 с+210 


To divide evenly, c + 210 must equal zero. So, c must 
equal —210. 


0 45 
—400,000 


73. If x — 4 isa factor of f(x) = x? — kx? + 2kx — 8, 
then f(4) = 0. 


(b) Using the trace and zoom features, when x — 25, 
an advertising expense of about $250,000 would 
produce the same profit of $2,174,375. 3 Я 

f(4) = (4) - (4) + 2k(4) – 8 


(c) x 2 25 
25 | -152 7545 0 -—169,625 Оев 
—56 = -8k 
-3800 93,625 2,340,625 
-152 3745 93,625 2471000 7=k 


So, an advertising expense of $250,000 yields a 
profit of $2,171,000, which is close to $2,174,375. 


75. f(x) = 2х +5 = 0 x= 


5 
2 


77. f(x) = x? - 8 «1620 (x - 4) = 0 


— х= 4 
79. f(x) = 6x? + x -15 = 0 = (3х + 5)(2х – 3) = 0 > х = -3,2 


81. f(x) = х — x? — 25x + 25 = 0 > x'(x- 1) -25(x -) = 0 = (x? -25(x - 1) = 0 => x = +5,1 
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83. f(x) = бх? - 333 – 12x? + 6x = 0 91. рәк] 
3x3(2x - 1) - 6x(2x - 1) = 0 х2 +2x+7=0 
(33 – 6x)(2x - 1) = 0 ee EN -40) 
3x(x? - 2)(2x - 1) = 0 PP Кы 
x = 0, +4/2,1 = 2 
85. 2+ 4/25 = 2 + 5i = 
87. 6i + i? = —6i + (-1) = —1 + V6i 


= -l — ói 


89. 2+4=0 -8 + ,/64 — 4(4)(9) 
2 
x? = -4 2(4) 
mon | -8 + 4/80 
8 
| -8 t A 5i 
8 


өз. x2" — у” = (n) - (v^ = Gn + y"(x" -= y") 
This is not completely factored unless л = 1. 
Fora = 2: (x? + y?)(x? — y?) = (x? + y?)(x + y(x- у) 
Fora = X (à + yè - y) = (x + yh - x» + у) - y + ху + y!) 
Forn = 4 (x* + у) — »*) = (xt + у%\(х* + у) + v(x – у) 
97. Answers will vary. Sample answer: x? — 3 


Section 3.4 Zeros of Polynomial Functions 


1. Fundamental Theorem of Algebra 13. f(x) 2 + 2x? - x - 2 
3. Rational Zero Possible rational zeros: +1, +2 
5. According to Descartes's Rule of Signs, given that Zeros shown on graph: 2, —1, 1, 2 


f (—x) has 5 variations in sign, there are either 5, 3, or 1 


= 4 ЕТ 2 4 
negative real zeros. 15. f(x) = 2x* — VIX? + 35x? + 9x — 45 


Possible rational zeros: +1, +3, +5, +9, +15, +45, 


7. f isa 3rd degree polynomial function, so there are three 


41 43 45 49 415 445 
Doe Qa sum De QD 


Zeros. 


9. fisaSth degree polynomial function, so there are five Zeros shown on graph: —1, 2, 3,5 


Zeros. 


11. f is a 2nd degree polynomial function, so there аге two 


Zeros. 
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17. 


19. 


21. 


23. 


f(x) = х? - 7x - 6 
Possible rational zeros: +1, +2, +3, +6 
311 0 -7 -6 
3 9 6 
1 3 2 0 


f(x) = (x- 3)(x? +3х + 2) 
= (х — 3)(x + 2)(x + 1) 


So, the rational zeros are —2, —1, and 3. 


g(t) = - 4? +4 
Possible rational zeros: +1, +2, +4 


After testing all six possible rational zeros by synthetic 
division, you can conclude there are no rational zeros. 


A(t) = 0 + 8? + 13¢ + 6 


Possible rational zeros: +1, +2, +3, +6 


-6 -12 -6 
1 2 1 0 
P +80 +13t +6 = (t + 6)? + 2t +1) 


= (t + 6)(¢ + 1)\(¢ + 1) 
So, the rational zeros are —1 and —6. 
C(x) = 2x3 + 3x? -1 


Possible rational zeros: +1, ++ 


= (x + 1)(х + 1)(2x - 1) 
= (x + 1 (2x - 1) 


So, the rational zeros are —1 and i 
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25. f(x) = 9x* - 9 


Possible rational zeros: 
+1, +2, +3, +4, +6, +8, +12, +24, 


сэг иг эв цин шэн цан нэг 


=2 |9 2:05, 2258 4 24 
-18 54 8 —24 
9.- —27 -4 12 0 

3-| 97 ЖИ: 12 


= (x + 2Yx — 3)(3x — 2)(3x + 2) 


So, the rational zeros are —2, 3, > and 2 
27. -5ió + 11x? - 4x - 22 0 
+ 
Possible rational zeros: L? = gl. pee +1,+2 
+1, +5 5 5 
11-5 11 -4 -2 
-5 
-5 6 2 0 
(x — 1)(-5x? + 6x + 2) = 0 
-5x +6x+2=0 
5x) —-6x -2=0 
—Ь + A b? — 4ac 
x 
2a 
2 
Ae $) + VCS) барь 50) 
2(5) 
ТЕ 6 + 76 
10 
2(3 + 19) 
nT 
ET 3 + V19 
5 


3 
So, the real zeros are x = 1,x = - + 
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29. x! + 68 + 3х2 – 16х+ 6 = 0 


Possible rational zeros: +1, +2, +3, +6 


111 6 3 -16 6 

1 7 10 -6 

1 7 10 -6 0 
-3|1 7 10 -6 


(x - D) (x + 3)(x? + 4x - 2) = 0 
х + 4х-2 = 0 
х + 4+4=2 +4 
(x +2) = 6 
х +2 = +4/6 
-2 + V6 


So the real zeros are x = 1, -3, -2 + 2/6. 


x 


31. f(x) = xP +x? - 4x -4 
(a) Possible rational zeros: +1, +2, +4 


(b) ! 


-6 -4 


(c) Real zeros: 2, -1, 2 


33. f(x) = -4x? + 15x? - 8x – 3 


(a) Possible rational zeros: +1, +3, iL zs. tx +3 


(b) / 


-4 
-6 
(c) Real zeros: -5 1,3 


35. f(x) = -2x* + 13x? – 21x? + 2x + 8 
(a) Possible rational zeros: +1, +2, +4, +8, +1 


(b) 16 


(c) Real zeros: — 1,1, 2, 4 


“з 
37. f(x) = 32х% — 52x? + 17х +3 


(a) Possible rational zeros: +1, +3, +4, +3, +i, +3, 


822.82: 16 32 


+3 
32 


^ 


^ 16° 


(b) 


39. f(x) = (x - lx — 5i)(x + 5i) 
= (x - 1)(x? + 25) 
=x -x + 25x — 25 
Note: f(x) = a(x? = х2 + 25x — 25), where a is any 


nonzero real number, has the zeros 1 and +57. 


41. If 1 + i is a zero, so is its conjugate, 1 — i. 
70) = (х = 2% -= 2)(x - (1+ De - (1-0) 
= (x? - 4x + 4)(x? - 2x + 2) 
= xf — 6x? + 14x? - 16x +8 
Note: f(x) = a(x* - 6x! + 14x? — 16x + 8), where a 


is any nonzero real number, has the zeros 2, 2 and 1 + i. 
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43. If 3 + 4/21 is a Zero, SO is its es Sex: 


45. 


47. 


f(x) = (Bx - 2 + 1x 


чај], -6- val 


= (3x - 2)(x + I] (x - 3) - V2i] (x - 3) + V2i] 


= (3х2 + х ife -3 is 
-2) 


- (ax? x 2)(x? 6x 
= (3х2 x 2)(x? 6x | 


= 3x* — 17x? + 25x? + 23x — 22 


Note: f(x) = a(3x* = 17x? + 25x? + 23x — 22), where a is any nonzero real number, has the Zeros 2, —land 3 + Vi. 


х 4 2)(х D(x i)(x + i) 


х +x- 2)(x? + 1) 


x a: 


-4 


So, f(x) = 2(x* + x - x? +x- 2) 


= 2x4 + 2x? — 2x? + 2x — 4. 


f(x) = a(x + 3)(x - (1 + УЗ х - (1 - 


= а(х + 3)(x? — 2х + 4) 


= a(x? + x? - 2x + 12) 


So, f(x) = (1)(x* = х5 —2x- 4) 


=x +x? — 2x + 12. 


49. f(x) = x! + 2x? – 8 
(а) f(x) = (x? 4p - 2) 
( f(x) = (x? + 4)(x + V2)(x - 2) 
() f(x) = (x + 2i(x = 2i)(x + V2)(x - V2) 


51. f(x) = хі - 220 – 3x? + 12x - 18 


x- 2x4 3 
x? = 6)х* — 2x) — 3x? + 12x - 18 


x4 - бх? 
: —23x) + 3x? + 12x 
SEDI | 
—2х + 12x 
3x? -18 
3x? -18 


(а) f(x) = ( 

(b) f(x = (x + V6)(x - V6)(x? - 2x + 3) 
= (x + V6)(x - Mex -1- ¥2i) 

(x - 1+ V2i) 


Note: Use the Quadratic Formula for (c). 


xe 6)(x? – 2х + 3) 


(с) f(x 
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53. f(x) = x -x° + 4x- 4 


Because 2i is a zero, so is 2i 


55. f(x) = х? – 8x? + 25x — 26 


Because3 + 2iis a zero, so is 3 — 2i. 


2i | 1 -1 4 4 3+21 |1 -8 25 -26 
d eae. vu 3+21 -19-4i 26 
EE - 1 -5+2i 6-4 0 
592414: ара. 253 3-2 |1 -S+2i 6-4 
-2i — 2i 3-2i -6+4i 
І -1 0 l E 0 
f(x) = (x - 2i)(x + 2i)(x - 1) f(x) = (x = (3 + 2i))(x - (3 - 20))(х - 2) 


The zeros of f(x)are x = 1, £2i. 


Alternate Solution: 


Because x = +27 are zeros of f(x), 


(x + 2i)(x — 2i) = x? + 4is a factor of f(x). 


By long division, you have: 


х-1 
x? + Ox 4 4)? х2-4х-4 


X + Ox? + 4х 


The zeros of f(x) arex = 3 + 2i, 2. 


Alternate Solution: 
Because x = 3 + 2i are zeros of 
f(x), (x - (3 + 2i)(x - (3 


a factor of f(x.) 


By long division, you have: 
х-2 
x? — 6x + 13)x° - 8x2 + 25x — 26 


—x? + 0x —4 x = 6x? + 13x 
—x? + 0x — 4 -2x? +12x - 26 
0 -2x? + 12x? - 26 


f(x) - (x T 4)(x - 1) 


The zeros of f(x) are x = 1, £2i. 


57. f(x) = x — бх? + 14x? - 18x + 9 


Because | — мі is a zero, so is 1 + 


Ё -(1- vai) х - (1+ 424| - 


421, and 


0 
f(x) = (x? — 6x + 13)(х – 2) 


The zeros of f(x) are x = 3 + 21, 2. 


Ix - 1) - V2i] (x - 1) - V2i] (x - 1) + V2i] 


(«y - (vai 
х2 – 2х +1 20 


x? – 2x +3 


is a factor of f(x). By long division, you have: 


2 


х —4x 43 


f(x) = (x? — 2х + 3)(x? — 4x + 3) 


2i)) = x? - бх + 13 is 


х2 — 2x + эрс - 6x3 + 14x? — 18x + 9 
xt — 2x? + 3x? 
-Ax + 11x? -18x + 9 


—Ax) + 8x? — 12x 


- (x? — 2x + 3)(x - 1)(х - 3) 


The zeros of f(x) are x = 1 € V2i,1,3. 


3x- 6x4 9 
3x7 — 6x4 9 
0 
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59. 


61. 


63. 


65. 


67. 
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/(х) = x? 4 36 69. g(x) = xt — Ax? + 8x? — 16x + 16 
= (x + 6i)(x — 6i) Possible rational zeros: +1, +2, +4, +8, +16 
The zeros of f(x) arex = +61. 2/1 -4 8 -16 16 
а 2 -4 8 -16 
h(x) = x? -2x +17 1 2 4 8 0 
By the Quadratic Formula, the zeros of f (x) are 
211 2 4 -8 
„= 2574-68 2+ 4-64 pa 
2 2 1 0 
f(x) = (x - (1 + 4))(x - (1 - 4i)) | 
= (х-1- 4i)(x -1+ 4i) a(x) = (x - 2x - 2)(x? + 4) 
= (x - 2} (x + 2i)(x – 2i) 
m ЖА 
f(x) = xt -16 Zeros: 2, +2i 
= [9 = 4)(x? + 4) 
Е (х 2)(x , 2)(x 2i)(x ; 2i) 71. f(x) = x? + 24x? + 214x + 740 


Zeros: +2, 521 


f(z) = 22 –- 22+ 2 


Ву the Quadratic Formula, the zeros of f (z) are 


2t44-8 | 
z = — — |і 
2 
f(z) = [z - (1+ iz -(ü- i)] 
= (2-1-0(2-1+ 0) 
g(x) = x - 3x7 +х + 5 
Possible rational zeros: +1, +5 
-1 |1 -3 1 5 
-1 4 -5 
1 -4 5 0 
By the Quadratic Formula, the zeros of x? — 4x + 5 are: 
4 t /16 ~ 20 : 
x= 5 = 2+] 


Zeros: —1,2 +i 


g(x) = (x + I(x — 2 =- i(x - 2 + i) 


Possible rational zeros: +1, +2, +4, +5, +10, +20, +37, 
+74, +148, +185, +370, +740 


2000 


-20 10 


-1000 


Based on the graph, try x = —10. 


-10 11 24 214 740 
-10 -140 -740 
Ї 14 74 0 
By the Quadratic Formula, the zeros of x? + 14x + 74 
arex — ife — ETIN 7 + Si. 


The zeros of f(x) arex = –10 andx = -7 + Si. 
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73. f(x) = 16x - 20x? - 4x + 15 77. g(x) = 2x? - 3x? -3 
Possible rational zeros: Sign variations: 1, positive zeros: 1 
+1, +3, +5, +15, +, +2, 45 +17, 41 49 g(-x) = 2x2 - 3x? - 3 
2 2 2 2 4 4 
15 15 1 3 5 15 Sign variations: 0, negative zeros: 0 


79. h(x) = 2x9 + 3x7? +1 
Sign variations: 0, positive zeros: 0 
h(—x) --—2x + 3x? +1 

: Sign variations: 1, negative zeros: 1 


= 6x4 3 42 
Based on the graph, try x — E 81. g(x) = 6x* + 22 - 3х? + 2 


Sign variations: 2, positive zeros: 2 or 0 


3 [16 20 -4 15 8(-х) = 6x4 – 2x3 – 3x? + 2 
4 
-12 24 -15 Sign variations: 2, negative zeros: 2 or 0 
DNI E E 83. f(x) = 5 +x -x 5 
By the Quadratic Formula, the zeros of Sign variations: 2, positive zeros: 2 or 0 


16x? — 32x + 20 = 4(4x? — 8x + 5) are 


f(-x) = 5x +х'+х+5 


Ide Ч SM ДИН 1+ li Sign variations: 1, negative zeros: 1. 
85. f(x) = x? + 3х2 - 2x +1 
The zeros of f(x) are x = -Zandx = 15 l fe) 
(а) 1113 2 1 
75. f(x) = 2x* + 5x0 + 4x? + 5x + 2 1 4 2 
| 1 4 2 3 
Possible rational zeros: +1, +2, +— : 
2 1 is an upper bound. 
- (b -4/1 3 2 1 
-4 4 -8 
1 -l -] 
-4 4 


-4 is a lower bound. 
-5 


87. f(x) = х^ – 4x? + 16x — 16 
(а) 5 


Based on the graph, try x = —2 and х = - 
1 -4 0 16 -16 

5." 9- 25 205 
1 1 5 41 189 


i 
N 
22 
A 
22 


2 
4 2 4 2 
2 1 2 1 0 


5 is an upper bound. 


E 2.- Wd.» 4 (D 3/1 -4 0 16 -16 
ub o ed -3 21 -63 141 
2 0 0 1 -7 21 -47 125 


—3 is a lower bound. 
The zeros of2x? + 2 = 2(x? + 1) arex = +i. 


The zeros of f(x) are x = —2,х = E and x = ti. 
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89. f(x) = 162 — 12x? - 4x + 3 


91. 


93. 


95. 


Possible rational zeros: 
+1, $3 


+,+2,+4, +8, +16 


= 41 4143 41 43 43 
16? $9 16 s 9-2 


3 
+141, +3, +3 


l 
pth 
However, the function factors by grouping. 
16x? -12x? - 4x +3 = 0 
4х?(4х - 3) - (4х - 3) = 0 
(4x - 3)(4x? - 1) = 0 
0 


(4x - 3(2x - 1)(2х + 1) = 


4х-3=0 9х = 3 
2х-1=0 9 х= 5 
2x 41202 х= -1 


So, the zeros аге х = » + 


Nie 


f(y) = 4 + 3у? + By + 6 


Possible rational zeros: +1, +2, +3, +6, +4, #3, +1, zz 


So, the only real zero is — 3. 


Р(х) = 202 +9 


з 


f(x) = х -i£ жа 


= (49 - x? — 4x +1) 

= M x?(4x 1) - 1(4х 1) | 
= lax - yx? - 1) 

= 1(4х - I(x + 1)(х - 1) 


The rational zeros are i and +1. 
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x(9 — 2x)(15 - 2x) 


Because length, width, and height must be positive, 
you have 0 < x < 3 for the domain. 


V 


(c) 


Volume of box 


1 23 4 5 
Length of sides of 
squares removed 


The volume is maximum when x = 1.82. 
The dimensions are: 
r = ak? + bk? + ck + d, f(k) ES 
1.82 cm x 5.36 cm x 11.36 cm 

(d) 56 = x(9 — 2x)(15 — 2x) 
56 = 135x – 48x? + 4x? 
0 = 4x? – 48x? + 135x — 56 


The zeros of this polynomial are = a and 8. 


x cannot equal 8 because it is not in the domain of V. 
[The length cannot equal —1 and the width cannot 
equal —7. The product of (8)(-1)(—7) = 56 so it 
showed up as an extraneous solution.] 


So, the volume is 56 cubic centimeters when x = > 


centimeter огх = 1 centimeters 


99. (a) Current bin: V = 2x 3x 4 = 24 cubic feet 


New bin: = 5(24) = 120 cubic feet 
V (x) (2 + х)(3 + х)(4 + х) = 120 


(b) x? + 9x? + 26x + 24 = 120 
x + 9x? + 26x – 96 = 0 


The only real zero of this polynomial is x = 2. All 


the dimensions should be increased by 2 feet, so the 
new bin will have dimensions of 4 feet by 5 feet by 
6 feet. 


101. False. The most complex zeros it can have is two, and 


the Linear Factorization Theorem guarantees that there 
are three linear factors, so one zero must be real. 
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103. g(x) = —f (x). This function would have the same zeros 115. |x| <7 
as f(x), so n, љ, and z are also zeros of g(x). -7«х«7 
-1 7 
105. g(x) = f(x — 5). The graph of g(x) is a horizontal shift em А 


of the graph of f(x) five units of the right, so the zeros 
каро л) 4 117. |4x -1| 511 
ofg(x)are 5 +7,5 + љ, and 5 +з. 


-11 < 4x -1 < 11 
107. g(x) = 3 + f(x). Because g(x) is a vertical shift of the даасан 
-3 «хк 
graph of f(x), the zeros of g(x) cannot be determined. por 
5 
p x 
109. Zeros: 213 -3-2-1 0 1 2 3 
f(x) = Ax + 2)(2x - I(x - 3) 119. (x - 1? «4 
= -2x + 3x +1lx -6 2 <x-1<2 
À -l< x <3 
+) SEE 
agzi 0 2 3 


Alternate solution: 

чо 2 x?!-2x41«4 
x!-2x-3«0 

(x = 3)(x + 1) «0 


Any nonzero scalar multiple of f would have the same -1«х«3 
three zeros. Let g(x) - af(x), a » 0. There are 


121. (1, 1), (2, 5 
infinitely many possible functions for f. (1, 1), (2, 5) 


-1 x 
111. Because 1 + i is а zero off, sois 1 — i. From the graph, Slope = 2-1 1- 4 
1 is also a zero. 
f(x) = (x - (1+ d)(x - (1 - i)(x - 1) 123. (1, 1), (6, 0.5) 
2 (x? — 2х + 2)(x -1) Slope = — p 2 = -0.1 
=y — 302 + 4x -2 
113. y 125. (1, 1), (5-5) 
Е (3) - 8 
Е Slope = -(3) 177 
t 5 5 
127. y= MEUS 
x 
2228-5 
4 
If x = iis а zero, then x = —i is also a zero. So the -8-2k-5 
function is f(x) = (x - 2)(x — 3.5)(х - i)(x + i). -3 = 2k 
pid 
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kx x 
= — kz = e 
129, 2-7 131. 5527 
4 
б е C3(2 6 3 -3k = EE 
x 4 4 
3k = 5 
3 
Бэ? 
9 


133. z- kx y 


Section 3.5 Mathematical Modeling and Variation 


1. sum of squared differences 11. | 
3. correlation coefficient 


5. You can say that z varies jointly as x and y, or z is jointly 
proportional to x and y. 


7. (a) Model: y = 1.222 + 151.8, 1€ 1 € 9 


y 


166 
164 
> 162 
160 y 
ixi 13. , 
156 5T 
154 
152 


Number of people 
(in millions) 


t 
123456789 


Year (1 « 2011) 


(b) The model is a good fit for the data. 


The line appears to pass through (2, 3) and (4, 2) so its 


4- 
‘i equation is y = -ix + 4. 


t + + + >x 


1 2 3 4 


Using the point (0, 3) and (4, 4), y = ix t3. 
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15. (a) and (b) 25. k= 1 
Е х 214 6 8 10 
, 8 
33 4 у =? | 4 | 32 | 108 | 256 | 500 
855 
2735 A 
31 500+ e 
50 
ӨөФӨӨФО2 Tm 
Year (88 < 1988) 300 
e 
Use the points (88, 54.93) and (116, 52.70). 200 
52.70 — 54.93 
pe ме Gon Е ° 
116 — 88 8-1 >r 
2 4 6 8 10 
y — 52.70 = —0.080(¢ — 116) 
y = 52.70 = —0.080t + 9.28 27. К = 2, п = 1 
y = —0.080/ + 61.98 
х 214 6 8 10 
(c) у = —0.083t + 62.30 1 1 
(d) The models are similar. = X l 2 3 | 4 5 
17. y= kx 1 
14 = k(2) 14 ө 
T=k 44. 
y = 7х : e 
19. y= kx 1 t E 
3 = k(-24) l - 
1 2 4 6 8 10 
-l=k 
y = -lx 29. k = 10 
21 "T Е 2 4 6 8 10 
k 5 5 1 
8л = k(4 = 
(4) ЖЛЕ 18 | 32 | 10 
2m =k 
y = 2zx | 
$4 LJ 
23. k =1 2 
x 214 6 8 10 2 
І 
y =k? |4 |16 | 36 | 64 | 100 i б 
y l ы ? ©» x 
A 2 4 6 8 10 
100 + e 
80 k 
31. у= = 
60 е X 
404 ё ]z k 
204 e 5 
. t >r 5 = k 
2 4 6 8 10 5 
LS 
x 


This equation checks with the other points given in the 
table. 
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33. 


35. 


37. 


39. 


41. 


43. 


45. 


47. 


49. 


51. 


53. 


= kx 
7 = k(10) 
qe 2: 
-7 =k 
у = -5x 


This equation checks with the other points given in the 
table. 


А = №? 
_k 

m 

R = Т - T.) 

Р = КИ 


у is directly proportional to the square of x. 
sed 
A= 3bh 


The area of a triangle is jointly proportional to its base 
and height. 


у= ke 
54 = k(3) 
18 =k 
y = 18x 
k 
M: 
x 
324 
25 
75 = К 
75 
ML 
x 
z = ky 
64 = k(4)(8) 
2=k 
z = 2xy 


Section 3.5 Mathematical Modeling and Variation 


55. 


57. 


59. 


6l. 


63. 


pe 
y 
28  k(42) 
3 9? 
Z0 Bb og 
3 42 
22527732 
3 
18 = 
p= 18: 
y 
I-kP 
113.75 = k(3250) 
0.035 = k 
I = 0.035P 
у = kx 
33 = k(13) 
33:25: 
3 = к 
у = 9х 


When x = 10 inches, у = 25.4 centimeters. 


When x = 20 inches, у = 50.8 centimeters. 


= kF 
0.12 = &(220) 
тт =k 
d = goo 
0.16 = AF 
880 _ р 


The required force is 2931 newtons. 


d = kF 
1.9 = k(25) = k = 0.076 
d = 0.076F 


163 


When the distance compressed is 3 inches, we have 


3 = 0.076F 
Е = 39.47. 


No child over 39.47 pounds should use the toy. 
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65. (a) 


Water temperature (°C) 


500 1500 2500 3500 


Depth (in meters) 


(b) The data shows an inverse variation model fits. 


(c) 4.85 = h 3.525 = Æ 2.468 = É 1.888 = — 1.583 = 5 1.422 = —*s 
1000 1500 2000 2500 3000 3500 
4850.0 = А 5287.5 = ky 4936.0 = k; 4720.0 = ks 4749.0 = ks 4977.0 = kg 
Mean: k = 2850 + 5287.5 + 4936 + 4720 + 4977 _ 49 Bor MO 4919.92 
6 d 
4919.92 
dc- 919.9 
d 
3 _ 4919.92 
d 
d= 421222 = 1639.97 meters 


3 


The temperature is 3° C at approximately 1640 meters. 


6. а= №? 
№ 
0.02 = k| — 
4 
k = 0.32 
d = 032v? 
0.12 = 0.32? 
> 012 3 
v = ——=— 
032 8 
ул NB = [y6 = 0.61 mi/hr 
2/2 4 
NT, SE ЭР : Эс : : 
69. fo = 2 9 where fo = original frequency, Ту = original tension, lọ = original length of string, and p = mass density 
оу P 
fo = 100 
(a) The frequency of a string with four times the tension would double the frequency in order to maintain the direct 
proportion. 
k: NT, 
Let y 5 — —5—7" and Trew = 416, Les = 10 


new ` р 


dee ы eye D 22.4 22.100 = 200Hz 
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71. 


73. 


75. 


77. 
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(b) The frequency of a string with two times the length would half the frequency in order to maintain the inverse proportion. 
k- NT, 
— 90. and Lew = 2%, Trew = Т 
Ley Х Jp 
k+/Ty 1 К-4/Г, 1 1 
Лав = = 2 = fo = - 100 = 50Hz 
Ж. /р 2 dc. 2 
(c) The frequency of a string with four times the tension would double the frequency, and two times the length would half the 
frequency in order to maintain the inverse proportion. Therefore the frequency would remain the same, 
К. Т, new 


Drew 2 Jp 


NEC Eh MENS = 2f =1-100 = ОН: 
2h: Jp Shop. 2 


Let pe = 


Let Sew = and Ту = 41, Lew = 21, 


True. If y = Ax and x = kz, then 59 5 " 2x _ S(x + 3) + 2x(x - 1) 
y (52) = (kikz)z. `ох-1 x+3 (x — 1)(x + 3) 
2 
False. In the equation 5 = 4zrr?, л is a constant, not a = 2x + 3x +15 
variable. (x = I(x + 3) 
True. If f(x) = (x — 2) p(x), then 81. 22 3 4 = 4 ЭРЭР 


f(2) = (2 - 2) р(2) = 0. 2x +1 3(x +3) 3(2x + 1)’ 


83. xX? + у = 8 > y = 8- x! isa function of x. 


х-1 2X "uud -—2x 
5x—4 5x-4 5x—4 Domain: all real numbers x 
-x-1 
E BY 85. 1 - y? = x is nota function of x. 
| x-l For example, forx = 0, y = +1. 
С 4—5х 


87. y = Ух + 5 isa function of x. 


Domain: all real numbers x such that x > —5 
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Review Exercises for Chapter 3 


1. (a) f(x) = 4X 3. g(x) = x? - 2x 
Vertical stretch =x? -2x+1-1 
А -(х-1у-1 
| Vertex: (1, —1) 


Axis of symmetry: x = 1 


EE d 0 = x — 2x = x(x - 2) 


| x-intercepts: (0, 0), (2, 0) 


(5) y 22x 


5. f(x) = x! - 6x +1 
=x -6x+9-9+1 
= (х -3) -8 


(с) y= x? +2 
Vertex: (3, -8) 


Axis of symmetry: x = 3 


О = х2 – бх +1 


(d у= (х + 2) 


Horizontal shift two units to the left 


++ + m 
a =3-—2-=1 1234 
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7. f(x) = x? + 8x +10 П. A(x) = 4x? + 4x + 13 
= х2 + 8x £16 — 16 + 10 = Ax? + х) +13 
2 
-(x*4) -6 = 4? +х+ 1-1) +13 


Vertex: (—4, —6) 


Axis of symmetry: x = —4 


x+ ir +12 
0 = 
Vertex: 21:42 
(x + 4) = " (24.12) 
х+4= : Axis of symmetry: х = —1 
Li 0 = dx e 1) +12 
x-intercepts: (x " їр тг 
. h(x) = 3 + 4x - х? No real zeros 
= E EP 3) жиг попе 
= -(x? - 4x + 4-4 - 3) 
„(кейе 3 
10 4- 
=-(x-2) +7 


Vertex: (2, 7) 


Axis of symmetry: x = 2 


0=3+4x-x i-um 1 
13. = (x? 45х-4 
0 = х? — 4x -3 70) 2 4 
1 25 25 

_ 4) + cs - 9c) = {x +5043 -2 a) 

| 1 5Y д 
у = + 

= л=м = 2+ 5/7 1 >| 

- 1 5Y ад 
x-intercepts: (2 + /7, 0) = fs + 3 ЫГ 


5 
Axis of symmetry: x — ES 
02x +5x-4 


-5 + JF -ANEA _ -5+ Va 


2(1) 2 


-5 + V41 1 \ 
2 , Т 


x-intercepts: | 
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15. Vertex: (4,1) > f(x) = a(x – 4) +1 


Point: (2, -1) > -1 = a(2 - 4 +1 
-2 = 4a 


f(x) = -(x - 4) +1 


17. Vertex: (6,0) = f(x) = a(x - 6) 


Point: (3, -9) = -9 = a(3 - 6) 


—9 = 9а 
-l=a 
f(x) = -( - 6) 
19. Vertex: (2, -3) = f(x) = a(x - 2} - 3 
Point: (4,4) > 4 = a(4-2) -3 
| NER 5 
улайн ав 
3 = 4a 
3- 
4 =a 


8-x 


21. (а) А = ху = ( J because 


8-x 
2 


(b) The figure is in the first quadrant and x and y must 
be positive, so the domain of 


4-45 


(с) X y Area 


1] 4-40 | opi -1m]- 2 


х+2у-8= 0 > у = 


вох ев 


Il 
a 


6 | 4-46) | (4 - 1(6)] 


Using the table, when x = 4 and y = 2, the area 


A is 8 square units. 


(d 8 


0 


The maximum area of 8 occurs at the vertex when 


25 
x = 4andy = 7 = 2. 


(е) A= ( - =) 
2 
1 
= —(8x – x? 
Hex = x) 
1 2 
= –— – 8 
Ha? = ва) 
= (x2 8x + 16 — 16) 
2 
= -f(x ede 16] 
2 
= ety -4y +8 
BE 
The maximum area of 8 occurs when x = 4 and 
8-4 
= ——=2. 
5 2 


23. R = -10p? + 800p 
(a) R(20) = $12,000 
R(25) = $13,750 

R(30) = $15,000 


(b) The maximum revenue occurs at the vertex of the 


parabola. 
Na os. $40 
2a  2(-10) 
R(40) = $16,000 


The revenue is maximum when the price is $40 per 
unit. 


The maximum revenue is $16,000. 


Any price greater or less than $40 per unit will not 
yield as much revenue. 


25. C = 70,000 — 120x + 0.055x? 


The minimum cost occurs at the vertex of the parabola. 
Vertex: -2----1120 2 1001 units 

2a 2(0.055) 
About 1091 units should be produced each day to yield 
a minimum cost. 
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29. 


31. 


33. 


35. 


37. 


Transformation: A horizontal shift two units to the right 


y = xf, f(x) = 6- xt 


-4 -3 -2 


Transformation: Reflection in the x-axis and a vertical 
shift six units upward 


у =x, f(x) = (х – 5) +1 


y 
A 


Transformation: Horizontal shift five units to the right 
and a vertical shift one unit upward 


f(x) = -2x? — 5x +12 


The degree is even and the leading coefficient is 


negative. The graph falls to the left and falls to the right. 


g(x) = —3.1х? — 0.8x* + 1.2x° 


The degree is odd and the leading coefficient is positive. 


The graph falls to the left and rises to the right. 


(а) f(x) = 3x? + 20x -32 (d) 30 
0 = 3x7 + 20x – 32 -0 
0 = (3x - 4)(x + 8) 


Zeros: x = 3 and x = -8, -80 


(b) both of multiplicity 1 (odd multiplicity) 
(c) Turning points: 1 
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39. 


41. 


43. 


Review Exercises for Chapter 3 


(a f(t) =e – 31 
0-1-3 
0- «(e - 3) 


Zeros: t = 0,t = V3 


(b) All ofthe zeros have a multiplicity of 1 (odd 
multiplicity) 
(c) Turning points: 2 


(d) т 


(а) f(x) = xt – 8x? – 9 
xt — 8x? – 9 
= (x? - 9)(x? + 1) 


0 = (x - 3(x + 3p? + 1) 


o o 
IO 


x-3=0>x=3 
x+3=0>x=-3 
x? +1 = 0 2 no real solutions 


Zeros: x = +3 


(b) x = 3 of multiplicity 1 (odd multiplicity) 


x = —3 of multiplicity 1 (odd multiplicity) 


(c) Turning points: 3 
(d) 10 


-30 


f(x) = = +2 - 2 


169 


(a) The degree is odd and the leading coefficient is 
negative. The graph rises to the left and falls to 


the right. 
(b) Zero: x = -1 


©), -31-21-110 |1 2 


f(x) | 34} 10 {о 1-21-2 |—6 


(d) ) 


‚ in whole or in рап. 
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45. f(x) = a +x? — 5x + 3) 


(a) 


The degree is even and the leading coefficient is 
positive. The graph rises to the left and rises to the 
right. 


(b) Zeros: x = 0,1, -3 


(c) 


x -4-1-31-2:1-11011(12 13 
f(x) 1100 10 |-18}-8]0]0 | 10 | 72 
1 
T [0.9 
» Renee 
| (9.0) 
-214 
f(x) = 4x3 -x +2 


-115 | -34 | 3 (2 | 5 


The zero is in the interval [-1, 0]. 


(b) Zero: x = -0.719 


49. (a) f(x) = x! —5x-1 


x -31-21-110 11 (1213 


f(x) | 95 | 25 | 5:-1-11-5 151 65 


There are zeros in the intervals [—1, 0] and і, 2]. 


(b) Zeros: x = —0.200, x = 1.772 


6x +3 
51. 5x — 3)30x7 – 3x + 8 
30x? — 18x 
15x 48 
15x - 9 
17 
2... 
30x 3x48 erra 17 
5x -3 5x -3 
5x +4 


53. х2 — 5x 1)5x3 21x? = 25x - 4 


4x)? -20x - 4 
4x? — 20x — 4 
0 
зо 22 Е 
5х 21х 25х 43; ЗР 429 
x?-5x-1 2 
x? —3x+2 
55. х2 + Ox + 2)x4 — За? + 4x? — 6x +3 
x* + Ox? + 2x? 
—3x? + 2x? — 6x 
—3x3 + 0x? — бх 
2x) + 0х +3 
2x) + 0x +4 
-1 
4 43 Dis. 
x = 3x 2 Ox _ 5 isa Е: 
х + 2 x +2 
57. 812 -25 66 48 
16 -72 -48 
2 -9 -6 0 
зо 2 
2х — 25x + 66x +48 22 9х—6, ash 
х-8 
ЭЭ -3 | 1 0 -2 9 0 
-3 9 -2] 36 
1 -3 -12 36 
4 _ 52 
2 2: и 3x? + 7x – 12 + б 
x+3 x+3 
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61. f(x) = x* + 10x? — 24x? + 20x + 44 


(a) Remainder Theorem: 


(a) 


(b) 


/(-3) = (-3) + 10(-3) 


-421 


Synthetic Division: 


-3 | 1 10 -24 20 44 
-3 -21 135 -465 
1 7 -45 155 -421 
So, f(-3) = —421. 
63. f(x) = 20x* + 9х* – 14x? - 3x 
—1 | 20 9 -14 -3 0 
-20 11 3 0 
20 -11 -3 0 0 
Yes, x = —1 is a zero of f. 
13 |20 9 -14 -3 0 
15 18 
20 24 4 0 
Yes, x = i is a zero off. 
0120 9 -14 -3 
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0 0 0 
20 9 -14 -3 


Yes, x = 0 isazero off. 


20 9 -14 -3 0 
20 29 15 12 
20 29 15 12 12 


No, x = 1 is not a zero of f. 


Review Exercises for 


(b) Remainder Theorem: 


Chapter 3 


24(-1) + 20(-1) + 44 


FOI) = (2 + 10-1) 
=-9 
Synthetic Division: 
=1 | 1 10 -24 20 44 
-1 -9 33 —53 
1 9 -33 53 -9 
So, f(-1) = -9. 


(a) 4 


Yes, (x — 4) isa factor of f(x 
(b) х2 + 8x +7 = (x + 7)(х + 1) 


The remaining factors of fare (x + 7) and (x + 1). 


(с) f(x) = х? + 4x? — 25x – 28 
(x + 7)(х + I(x — 4) 
(d) Zeros: —7, -1, 4 

(e) T 


65. f(x) = x! + 4x? — 25x — 28; Factor: (x – 4) 


j 


172 
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67. f(x) = xf — 4X — 7x? + 22x + 24 (о) f(x) = (x +1)(х - 4x + 2)(x - 3) 

Factors: (х + 2), (х — 3) (d) Zeros: —2, 71, 3, 4 
40 

(dy 3 lp -4 -7 2 4 (е) 

-2 12 -10 -24 
1 -6 5 12 0 di 5 
-10 
:5 -6 5 12 


75. 


77. 


69. Since f(x) = x — 6isa Ist degree polynomial function, 


it has one zero. 


Yes, (x + 2) and (x — 3) аге both factors of f (x). 71. Since A(t) = 12 — 1718 a 7th degree polynomial function, 
(b) x? -3x - 4 = (x + I(x - 4) it has seven zeros. 
The remaining factors are (x + 1) and (x — 4). 73. Since f(x) = (x – 8) = x? — 24x? + 19x? — 512 


is a 3rd degree polynomial function, it has three zeros. 
f(x) = x? + 3x7 - 28x – 60 


Possible rational zeros: +1, +2, +3, +4, +5, +6, +10, +12, +15, +20, +30, +60 


-2.|1 3 -28 -60 
-2 -2 60 
1 1 -30 0 


х? + 3x? — 28x — 60 = (x + 2)(x? + x — 30) = (x + 2)(x + 6)(x — 5) 


The zeros of f(x) are x = —2,x = —6, and x = 5. 


f(x) = Зх? + 8x? – 4x - 16 
+1, +2, +4, +8, + 
Possible rational zeros: 222224 $8 £16 4 + +2, +1, +4, +2, +, £4, +16, +8, +16 
+1, +3 3 3 3 3 3 
—2: 3 8& —4. T6 
-6 —-4 16 
3 2. «8 0 
Зх? + 8x? — 4x - 16 = (x + 2 (3x + 2x – 8) = (x + 2)(3x — 4)(x + 2) 
The zeros of f(x) аге x = $x = –2. 
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79. f(x) 2x! ex! – П? +x - 12 85. f(x) = х? + 4x? - 5x 
Possible rational zeros: +1, +2, +3, +4, +6, +12 = x(x? + 4x – 5) 
з|1 1 -1 1 2 = x(x + 5)(x - 1) 

12 3 12 Zeros: x = 0,—5,1 


87. g(x) = xÍ + 4x) — Зх? + 40x + 208, Zero: x = —4 


-4 | 1 4 -3 40 208 
-4 О 12 -208 
1 0 3 52 0 


xt +x = 11x? + x - 12 = (x - 3(x + A(x? +1 
( 1 1 -4 11 0 -3 52 
The zeros of f(x) are x = 3 and x = -4. -4 16 -52 


1 -4 13 0 
81. Because 4/3i is a Zero, so is Е СТА 


Multiply by 3 to clear the fraction. g(x) = (x + 4j (x? — 4х + 13) 
f(x) = 3(x i 4)(x КЕТЕ t 43) By the Quadratic Formula, the zeros of x? — 4x + 13 аге 
= (3x - 2)x - 4)(x? $ 3) x = 2 + 3i. The zeros of g(x) are x = —4 and 
=2+3i 
= (3x? — 14x + 8)(x? + 3) i : 
= 3x4 — 14x? + 17x? — 42x + 24 a(x) = (x + 4) [e - (2 + 3) fe - (2 - эй] 
2 : : 
Note: f(x) = a(3x* — 14? + 17x? — 42x + 24), = (x + 4) (x = 2 = 3i)(x — 2 + 3i) 
where a is any real nonzero number, has zeros s 4, and 89. "i x) А 4X6 
ti. Possible rational zeros: +1, +2, +4, +8, +16 
83. h(x) = -x° + 2x? – 16x + 32 16 |1 -16 1 -16 
Because —4i is a zero, so is 4i. l6 0 16 
-4i | -1 2 -16 32 E uu 
Ai  16-8i -32  -16x + x – 16 = (x - 16)(x? + 1) 
-1 2-4 —8i 0 х2-1-0 
х =-1 
4i |-1 2+4 -8 
x mel 
—4i 8i 
x=ti 
-1 2 0 


The zero of f(x) are x = 16 and x = ti. 


Zeros: x = 441,2 
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91. 


93. 


95. 


Chapter 3 Polynomial Functions 


14x? -12x - 72 


g(x) Ete 


Possible rational zeros: +1, +2, +3, +4, +6, +8, +9, +12, +18, +24, +36, +72 


-3 |1 -3 14 12 72 
-3 18 -12 72 
1 -6 4 -24 0 
6|1 -6 4 -24 
24 
1 0 
х“ — Зх? — 14x? - 12x - 72 = (x + 3)(x - e) x? + 4) 
x-420 
x? 2-4 
x = t4j-4 
x = +21 


The zeros of g(x) are x = —3, x = 6, and х = +21. 


g(x) = 5x + 3х2 — бх +9 

g(x) has two variations in sign, so g has either two or 
no positive real zeros. 

g(-x) -2-5x + 3x° + 6x +9 


8(-х) has one variation in sign, 80 g has one negative 


real zero. 
f(x) = 4x — Зх? + 4x - 3 


(а) 1/4 3 4 -3 


4 1 25 2, 


Because the last row has all positive entries, X = 1 is 
an upper bound. 


(b) 1 
4/4 3 4 -3 
RES] 
-] 1 4 
4 a s -8 


Because the last row entries alternate in sign, 


zc 
X = —3 is а lower bound. 


97. 


99. 


The volume of a right circular cylinder is given by: 
V = arh. 
So, 36” = ar*hand because h =r + 9, 
36” = zr'(r + 9) 
36 = r? + 9r? 
0 =r? + 9r? – 36 


Using the list of possible rational zeros and synthetic 
division, you can determine the only real solution is 
irrational. Therefore, use a graphing utility to 


approximate the solution. So, the radius 7 = 1.82 inches 
and the height Л = 1.82 + 9 = 10.82 inches. 


R = 179.5t — 711, 


R 


12 <1< 19 


2800 
2600 
2400 
2200 
2000 
1800 
1600 
1400 


Number of restaurants 


t 
12 13 14 15 16 17 18 19 


Year (12 « 2012) 


The model fits the data well. 
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100L. y=% 
20 = 12.5k 
T эмэ 
12.5 
pes 
5 


8 
pru or y = 1.6х 


In 5 miles: y = 1.6(5) = 8.0 kilometers 


In 25 miles: y = 1.6(25) = 40.0 kilometers 


103. F = ks? 
If speed is doubled, 
Е = k(2s)" 
F = 4487. 


So, the force will be changed by a factor of 4. 


105. d = ш 


p 
Whenp = 4andx = 25,000, d = 1250. 


_ (25,000) _ 1 


1250 К=—=02 
4 5 
Whenp = 5.50, 
(0.2)(25,000) | 
d = -———————— = 909 pastries. 
5.50 


107. True. The graph of f(x) = 24 x — x? + x? — x* + х? + xô — x7 rises to the left and 


falls to the right because it is an odd degree and the leading coefficient is negative. 


2.6 : 1 НЬ : 
109. True. If y is directly proportional to x, then y = kx, so x = Ө y. Therefore, x is directly proportional to y. 


111. Answers will vary. Sample answer: 


Polynomials of degree n > 0 with real coefficients can be written as the product of linear and quadratic factors with real 
coefficients, where the quadratic factors have no real zeros. 
Setting the factors equal to zero and solving for the variable can find the zeros of a polynomial function. 


To solve an equation is to find all the values of the variable for which the equation is true. 
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Problem Solving for Chapter 3 


L@ O s)-x-4-D (iv) f(x) = (x = 2)(x? = 4x + 4) 
0 = (x - 6)(x + 2) 4 
Zeros: 6, -2 » : 


(ii) g(x) = х + 5x 


(v) f(x) = (x - 2)(x? - 2x - 6) 


(iii) e(x) = х? + 3x - 10 


0- (х + 5)(x — 2) -10 10 
Zeros: —5,2 -10 
Gv) 4()-32-4х-4 (vi) f(x) «(х- 2)(x? + 3x + 4) 
= (x —2\(x-2 Т 
0-(х-2(х-2 : | 
Zeros: 2 (repeated zero) 
(М) g(x) = x-2x-6 
0 = x? –- 2х -6 -10 
By the Quadratic Formula, х = 1 + V7. x = 2 is an x-intercept of f (x) in all six 
: graphs. All the graphs, except (iii), 
Zeros: 1 7 cross the x-axis at x — 2. 
(vi) g(x) = х? + 3x +4 (c) 0) other x-intercepts: (-2, 0), (6, 0) 
2.59 
(AU xd (ii) other x-intercepts: (—5, 0), (0, 0) 
cp 1 
By the Quadratic Formula, х = Ed (11) other x-intercepts: (-5, 0) 
-3 t i (iv) other x-intercepts: No additional x-intercepts 
Zeros: 2 (V) other x-intercepts: (—1.6, 0), (3.6, 0) 
(b) @ f(x) = (x - 2)(x? ees 12) (vi) other x-intercepts: No additional x-intercepts 
” (d) When the function has two real zeros, the results are 
the same. When the function has one real zero, the 
graph touches the x-axis at the zero. When there are 
-10 10 no real zeros, there is no x-intercept. 


G) f(x) = (x – 2)(x? + 5x) 


60 
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pec 
2 (0) i х" +x? = 252 х = 6 


+ —— — — | эч! 


2 
зүлэг HE 
(а) лт? + arl = 600 (1) x + 2x° = 288;a =1,b = 2 P 
arl = 600 — zr? 
: lo, —(2х?) = —(288) 
j = £00 = zr 8 
TH ВЕБЕ 5235x226 
1 1 ‚(600 — лт? 2 2 2 
(b) V = —arl | ЭС | 
ar a? 
Gii) 3330 + x? = 90;a = 3b = 1 7-9 
1 
= —r(600 — zr? 
23 2 9(8х7) + 9x? = 9(90) 
1 
= 300r - zar (3x) + (3x) = 810 = 3х = 9 = х= 3 


-Lar + 300r 
2 


(iv) 2x° + 5x2 = 2500;a = 2,b = 5 тС 


(с) 2000 


ЭЭР 177 ҮД: 
1509) pr) me 


3 2 
(=) «(2 =s 3t ugs cd 
ў bs 5 5 5 


0 
(v) 7x3 + 6x* = 1728; 


The maximum volume 18 V = 1595.8 cubic feet. 


This occurs when r = 8 feet and / = 16 feet. ü mU 586 а? _ 49 
3 3 
b 216 
5. (a 
© [y | yty 29 тз) + 29 (62) - © (1728) 

216 216 216 
1 2 3 2 

fe а eee cen, as 
2 12 6 6 6 
3 36 (vi) 10x? + 3x? = 297; 

2 
4 80 П Se 
p? 27 

5 150 

100 100 100 

——(10х°) + —(3x?) = —(297 
6 252 27 | ) 27 ( ) 27 (297) 
7 392 3 2 

CIRC E 
8 576 3 3 3 
9 810 =10>x=3 

(c) Answers will vary. 

10 1100 ) у 
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T) Function Zeros Sum of Zeros | Product of Zeros 
A(x) =x? - 5x + 6 25.3 5 6 
h(x) 2x – 7х +6 -3, 1,2 0 -6 
f(x) = xf + 2x + x? + 8x – 12 —3, 1, +21 -2 -12 
Рх) = х5 -3x*-9 + 25x? — бх |-3,0,2,24-/3 3 0 
(b) Conjecture: Sum of Zeros = –а, 


if f(x) = a,x" + apax"! +- ax + ад 


ifn is even 


0» 


(c) Conjecture: Product of Zeros — n 
—ag, ifn is odd 


if f(x) = a,x" + a, x"! 


жээ ax + ay 
9. (а) y = ax? + bx +e 
(0, –4): -4 = a(0) + (0) + c 
-4-2c 
(4,0): 0 = a(4) + b(4) - 4 
0 = 16a + 4b — 4 = 4(4a + b - 1) 
0 = 4a+b-1 о b=1-4a 
(1,0): 0 = а(1)? + (1) – 4 


4= a+b 

4 = a + (1 — 4a) 
4-1-3а 
3--3а 

a= -l 


b = 1-4(-1)=5 
y=-x +5x-4 
(b) Enter the data points (0, —4), (1, 0), (2, 2), (4, 0), 
(6, —10) and use the regression feature to obtain 


уз-х + 5х - 4. 
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11. (a) x + 2y = 100 


ll 
= 
=ч 
— 
© 
© 
4 
+ 
NA 


| 100x - x? 
2 
2 
x 
= 50x - — 
2 
Domain: 0 « x « 100 
(b) A 
1500 
р Б 1250 
Z B 100 
a» 
S 3 750 
Sc 
32 500 


250 


х 
20 40 60 80 100 


Length of pasture (in meters) 


_ 100-50 _ 
2 


The vertex occurs when x = 50, so y 25. 


The dimensions are x = 50, y = 25 
x? 1 1 1 2 
© 4 = 50x -7 = 52 + 50x = Зай - 100x + 2500) + 1250 = S — 50) + 1250 
The vertex 18 (h, К) = (50, 1250), so the maximum area of 1250 square meters occurs when x = 50 meters and 


y= M — 25 meters. 


13. V =1-w-h = x(x + 3) 
x?(x + 3) = 20 


xX + 3x? – 20 = 0 
Possible rational zeros: +1, +2, +4, +5, +10, +20 


1 5 10 0 
(x - 2)(x? + 5x + 10) =0 


-5 t V15i 
2 


x-2orx- 


Choosing the real positive value for x we have: x = 2 and x + 3 = 5. 


The dimensions of the mold are 2 inches x 2 inches x 5 inches. 
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Practice Test for Chapter 3 
1. Sketch the graph of f(x) = x? — 6x + 5 and identify the vertex and the intercepts. 


2. Find the number of units x that produce a minimum cost C if 


С = 0.01х2 — 90x + 15,000. 


3. Find the quadratic function that has a maximum at (1, 7) and passes through the point (2, 5). 


4. Find two quadratic functions that have x-intercepts (2, 0) and (4, 0). 


5. Use the leading coefficient test to determine the right and left end behavior of the graph of the polynomial function 
f(x) = -3x° + 2:0 – 17. 


6. Find all the real zeros of f(x) = x? — 5x? + 4x. 

7. Find a polynomial function with 0, 3, and —2 as zeros. 

8. Sketch f(x) 2 x? — 12x. 

9. Divide 3x^ – 7x? + 2x – 10 by x — 3 using long division. 

10. Divide х? – 11 by x? + 2x - I. 

11. Use synthetic division to divide 3x? + 13x^ + 12x — 1 by x + 5. 

12. Use synthetic division to find f(—6) given f(x) = 7х° + 40x? — 12x + 15. 
13. Find the real zeros of f(x) = x? — 19x — 30. 


14. Find the real zeros of f(x) = x^ + х? — 8x? – 9x - 9. 


15. List all possible rational zeros of the function f(x) = бх? — 5x? + 4x — 15. 


3. 20.2 10 
3x + 9x a 


16. Find the rational zeros of the polynomial f(x) = x 
17. Write f(x) = x* + x? + 5x — 10 asa product of linear factors. 
18. Find a polynomial with real coefficients that has 2, 3 + i, and 3 — 2i as zeros. 


19. Use synthetic division to show that 37 isa zero of f(x) = x^ + 4x? + 9x + 36. 


20. Find a mathematical model for the statement, “z varies directly as the square of x and inversely as the square of 
x and inversely as the square root of y." 
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CHAPTER 


4 


Rational Functions and Conics 


Section 4.1 Rational Functions and Asymptotes 


1. rational functions 


3. horizontal asymptote 


5. To determine the vertical asymptote(s) of the graph of 


f(x) = нг find the real zeros of the denominator of 
Xm 


the equation. (Assuming no common factors in the 


numerator and denominator) 


5x 


5x 


9. f(x) = 


xX!t7x 412. (x4 4x + 3) 


Because the denominator is zero when (x + 4)(x + 3) = 0, 


7. Because the denominator is zero when x – 1 = 0, the 


domain of fis all real numbers except x = 1. 


x 0 |05 |09 | 099 | 21 
f(x) | -1 | -2 | -10 | -100 | 2 —e 
x 1— | 101} 11] L5 |2 
Ро) | e | 100 [10 12 |1 


As x approaches 1 from the left, f (x) decreases without 


bound towards —ee. As x approaches 1 from the right, 


f(x) increases without bound towards +. 


the domain of fis all real numbers x except x = —4 and x = -3. 
x -42 —4.1 —4.01 > -4 4 < 3.99 3.9 3.8 
f(x) | -875 | —186.4 | -1985 | —ee оо 2015 216.7 | 118.8 
As x approaches —4 from the left, f(x) decreases without bound (—оо). 
As x approaches —4 from the right, f(x) increases without bound (оо). 
x -32 | -3.1 | -3.01 | > -3 3 < 2.99 2.9 -2.8 
f(x) | 100 172.2 | 1520 со —oo -1480 | -131.8 | —583 


As x approaches —3 from the left, f(x) increases without bound (оо). 


As x approaches —3 from the right, f(x) decreases without bound (—°°). 
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11. Because the denominator is zero when x? — 1 = 0, 17. f(x) = 5t-tx x5 
the domain of fis all real numbers except x = —land Se -х+5 
жож 1, Domain: all real numbers except x = 5 
Vertical asymptote: x — 5 
* 2 19 H PADES Horizontal asymptote: y = -1 
f(x) |4 |54 |173 |1523 | >~ [Degree E] 
x —1 < —0.99 —0.9 -05 | 0 5 
х 
F(a) | -e | -1478 | -128 | -1 |0 19. f(x) 5521 


. in: = + 
As x approaches —1 from the left, f(x) increases Domain: all real numbers except x = +1 


without bound (cc), As x approaches —1 from the right, Vertical asymptotes: x = +1 


Horizontal asymptote: None 


f(x) decreases without bound (– =). 
| Degree of N(x) > degree of D(x) | 


x 0 | 0.5 | 0.9 0.99 - 1 
-1 | - - — — -4x +1 
f(x) |0 1 12.8 147.8 21. f(x) = — 
x +х+3 
x le 1.01 1.1 1.5 | 2 Domain: All real numbers. The denominator has no real 
f(x) «< |1523 | 173 | 54 |4 сэ 
X. со 
i i i [Use the Quadratic Formula on the denominator.] 


As x approaches 1 from the left, f(x) decreases without Vertical asymptote: None 
bound (—ce). As x approaches 1 from the right, f(x) Horizontal asymptote: y — —4 
increases without bound (ee). [ Degree of N(x) = degree of D( х)| 
13. Because the denominator is zero when pod 1 
23. f(x) = = xz4 


x!-2x41- (x = 1)? = 0, the domain of fis all real x'U-16. x 


Horizontal asymptote: y = 0 


(Degree of N(x) < degree of D(x)) 


numbers except x = 1. 


x 0 | 0.5 | 0.9 | 0.99 > 1 


f(x) | 2] 15 | 551 | 59,501 | > = Vertical asymptote: x = —4 


Hole at (4, 1) 


х le 1.01 1.1 1.5 | 2 
(Because x — 4 is a common factor of N(x) and 


f(x) | « | 60,501 | 651 | 35 | 12 


D(x), x = 4 is nota vertical asymptote of f(x)) 
As x approaches 1 from the left, f(x) increases without 


bound (ce). As x approaches 1 from the right, f(x) 28. HS а (x + (x - 1) | x-1 
: 5 ; 
increases without bound (ee). x -2x-3 (х+1(х-3) x-3 
xz-l 
15. f(x) = = Horizontal asymptote: у = 1 


х 
р f N(x) = f D 
Domain: all real numbers except x = 0 | кыз 0) as (=) 


Vertical asymptote: x = 0 Vertical asymptote: x = 3 
Horizontal asymptote: y = 0 Hole at (-1, 1) 
| Degree of N(x) < degree of D(x) | (Because x + 1 is a common factor of N(x) and 


D(x), x = –115 not a vertical asymptote of f(x)) 
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x? -3x-4 
27. = — 
70) 2x! e x -1 

ter 2) 

© (2x - yx +1) 

a= 4 ,x Æ -l 

2x-1 


29. 


30. 


31. 


32. 


33. 


34. 


Horizontal asymptote: y = i 
(Degree of N(x) — degree of D(x)) 
Vertical asymptote: x — : 

Hole at (-1, 3) 


(Because х + 1 is a common factor of N(x) and 


D(x), x = —1 is not a vertical asymptote of f(x)) 


Because the function has a vertical asymptote at 
х = —2 and a horizontal asymptote at y = 0, 


f(x) = 


1 2 matches graph (f). 


Because the function has a vertical asymptote at x — 2 
and a horizontal asymptote at y — —1/2, 


х-1 


f(x) - ac i matches graph (g). 


x- 


Because the function has vertical asymptotes at x = +2 


and a horizontal asymptote at y = 2, 


f(x) = -2 


x- 


1 matches graph (c). 


Because the function has vertical asymptotes at x — *2 


and a horizontal asymptote at y = 0, 


f(x) = 225 matches graph (b). 
x2 


1 
| 
N 


Because the function has a vertical asymptote at x 


and no horizontal asymptote, 
3 
x 
Җх+2ў matches graph (d). 


Because the function has a vertical asymptote at 
x = —2 and a horizontal asymptote at y = 0, 


ML matches graph (h). 


те 


x? 4 
35. = ; -х-2 
f(s) = SS ща) = 9 
(x + 2)(x - 2) 
fe) Е x+2 
(a) Domain of f: all real numbers except x = —2 


37. 


Domain of g: all real numbers 

(b) f(x)=x-2 
Because x + 2 is acommon factor of both the 
numerator and the denominator of f(x), x = —2 is 


not a vertical asymptote of f. f has no vertical 
asymptotes. 


eu -4 | -3 | -2.5 | -2 


f(x) |-6 | -5 | -4.5 | Undef. | -3.5 | -3 | -2 


g(x) | 6 | -5 | -4.5 | —4 35 геа 


(d) fand g differ only at x = —2, where fis undefined 
and g is defined. 


РО) = уура) = 5 
2x -1 
f(x) = aps) 


(a) Domain of f: all real numbers except x — 0 and 
1 


х = — 


2 
Domain of g: all real numbers except х = 0 
; 1 
©) f(x) = = 

x 


Because 2x — 1 is a common factor of both the 
numerator and the denominator of f, x — 0.5 is not 


a vertical asymptote of f. The only vertical 
asymptote is x = 0. 


©), -11-0510 0.5 2 |3 |4 
f(x) |-1|-2 |Undef. | Undef. 131122 
2|3|4 

TEJE 

x) |1 |-2 £12 Ea pea = 

g(x) Unde 23 Gi 


(d) fand g differ only at x = 0.5, where fis undefined 
and g is defined. 
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45. True. Vertical asymptotes can only occur at points where 


39. C = 


25,000P S <10% 


100—р the function is undefined due to division by zero. 
(a) 300000 47. If (x — c) is a factor of both the numerator and 
denominator of the function, then fis not defined 
at x = cand therefore not a zero of f. 
0 S 100 49. Domain: All real numbers 
1 
25,000(15) Example: f(x) = =—— 
b) C = ——— = $4411.76 2 
e 100 — 15 А; 
25,000(50) Domain: АП real numbers except x = 15 
- = $25,000 1 
100 – 50 Example: f(x) = 
25,000(90) x —15 
= ———— = $225,000 
100 — 90 There are many correct answers. 
(с) C — œ as x — 100. No, it would not be possible x-9  (x*3x-3 x*3 


to supply bins to 10096 of the residents because the 51. 


2 pe — pe 4 
model is undefined for p = 100. x —-2x-3 (-3(41) x 


20(5 + 3r) z x? +1lx +30 (х + 5)(х + 6) 
lN S obe "ox ++x-30 (x + 6)(x — 5) 
1 + 0.04t 
(a) 1400 = шаасан + —6 
x-5 
55. у = x? + 12x + 20 
0 200 у = 0 = («+ 2)(х +10) = 0 > x = -2,-10 


0 

(b) N(5) = 333 deer 
N(10) = 500 deer 
N(25) = 800 deer 


x-intercepts: (-2, 0), (-10, 0) 
x202y20 + 12(0) + 20 > у = 20 
y-intercept: (0, 20) 


(c) The herd is limited by the horizontal asymptote: 57. y 3 + 2x 


l+x 
N= 522 = 1500 deer 
0.04 y 


0-342Х-0-х--3 


0.5 + 0.9(n — 1 x-intercept: (3, 0 
Bepe RUNS pt: (-3, 0) 
1 + 0.9(n — 1) 3 + 2(0) 
abi EN а 
ОШ 2 3 4 5 
y-intercept: (0, 3) 
Р | 0.50 | 0.74 | 0.82 | 0.86 | 0.89 
: X 
n | 6 7 8 9 10 MIOS н 
P | 0.91 | 0.92 | 0.93 | 0.94 | 0.95 f(x) =0>x=0 
| 0 
P approaches 1 as п increases. x=0 700) = 0-0-2 >y=0 
0.9n — 0.4 
b) P = ——__ Int t: (0, 0 
(b) "EFE! ntercept: (0, 0) 


The percentage of correct responses is limited by the 
horizontal asymptote: 
0.9 


Р = — = 1 = 100% 
0.9 
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x!-9 _ (x= 3(x + 3) 


61. = 
T= 29867 ЕГУ 
= y xd 
x+2 
y=0> Ż -9=0> (x + 3x – 3) = 0 
> x =-3,3 
02-9 -9 3 
x=0> y= = 


-0-6 —6 2 


x-intercept: (-3,0) (x = 3 is a hole.) 
y-intercept: (0, 3) 


Section 4.2 Graphs of Rational Functions 


1. slant asymptote 
ymp 9. g(x) = —— - 1 


3. The slant asymptote’s equation is that of the quotient, 
y=x-l. 


Vertical shift one unit downward 


11. g(x) = 


f 
1 
| 
2 | 
7. g(x) = -= | 
x ! 
y | 
1 f 
ER 1 
f 
| 
Т 1 
2T Hi x 
1+ 2 3 4 5 
1 
к- + >x 
ie ey es | 1 


T Horizontal shift one unit to the right 


Reflection in the x-axis 
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1 
13. f(x) = 
Д ) x1 
(a) Domain: all real numbers x except x = –1 


15. 


(b) y-intercept: (0, 1) 
(c) Vertical asymptote: x = —1 


Horizontal asymptote: y = 0 


(d) 


x -4 -3 011 2 3 
: 1 1 1 1 
х 1 

fe) 3 2 2 3 4 


(a) Domain: all real numbers x except x = —4 


(b) y-intercept: (n E 


(c) Vertical asymptote: x — —4 


Horizontal asymptote: y = 0 


gm XE TEE SR 


1 
h 
(9) 2 2 3 


Section 4.2 Graphs of Rational Functions 


moje 
х+2 
(a) Domain: all real numbers x except x = —2 


19. 


(b) x-intercept: Е o) 


1 3 
y-intercept: | 0, 2) 


(c) Vertical asymptote: x — —2 


Horizontal asymptote: y = 2 


«e|. -41-314 


C(x) | = 3 1 


22 
[о | © 
| ел 

AlN] ә 


1 2х + 5 
+2 = 
х+2 х+2 


g(x) = 


(a) Domain: all real numbers x except x = —2 


(b) x-intercept: C o) 


Я 5 
y-intercept: | 0, 2 


(c) Vertical asymptote: х = —2 


Horizontal asymptote: y = 2 


(d) =й (=з чыз 


g(x) | = 1 3 


Ww 
юч | © 
сә | ~ 


187 
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2 45 
х 
-———— 25. g(s) = — 
n. f() = c5 els) = 4 
(a) Domain: all real numbers x (a) Domain: all real numbers s 
(b) Intercept: (0, 0) (b) Intercept: (0, 0) 
(c) Horizontal asymptote: y = 1 (c) Horizontal asymptote: y = 0 
@ |, +1 | +2 | +3 от, -2 | -1 |0012 
. 1 4 1 4 4 
5141-21-12 g(s) 1 0 1 
709 10 13 2 5 5 
1 ) 
3+ 
Шаг cr 
-2 -i SEE RN 21 
-1 å 
2 A(x +1) 
(nd 27. g(x) = ——— 
ое x? -9 a(x) x(x — 4) 
(a) Domain: all real numbers x except x = +3 (a) Domain: all real numbers x except 


x = Oandx = 4 


(b) x-intercept: (—1, 0) 


(b) Intercept: (0, 0) 


(c) Vertical asymptotes: x = +3 


Horizontal asymptote: y = 1 (c) Vertical asymptotes: x = 0, x = 4 


Horizontal asymptote: y = 0 
GU. |+ | +4 ] +2 J ч Jo did 
(d) 
25 16 4 1 х -2|-1 1 2 3 5 6 
h(x) - = 0 
16 7 5 8 g(x) (d 0 _8 3 _16 | 24 
3 3 3 5 3 
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29. f(x) = 


31. 


2x 


2x 


(a) Domain: all real numbers x except x = 4 and 


x= -l 


(b) Intercept: (0, 0) 


(c) Vertical asymptotes: x = 4, x = -1 


x!-3x-4  (x- yx +1) 


Horizontal asymptote: y = 0 


(9) х -3 -2 10 1 3 

3 2 1 3 

F(x) 3 1 3 2 

1 ET 

5(x + 4) 5(x + 4) 5 
Д(х) = — , 
x!-x-12 (x+4(x-3) x-3 

x#-4 


(a) Domain: all real numbers x except 


x = —-4огх = 3 


5 
(b) y-intercept: (n ij 


(c) Vertical asymptote: x = 3 


Horizontal asymptote: y = 0 


(d) = 


0 


2 


fœ) | = 


5 


33. f(t) = 


(d) 


35. h(x) = 


(d) 


Section 4.2 Graphs of Rational Functions 189 
2 _ 1+ 1)(t -1 
же ЭЛ ЭШ бу ва 
1-1 2-1 
(a) Domain: ай real numbers ¢ except / = 1 
(b) t-intercept: (—1, 0) 
y-intercept: (0, 1) 
(c) No asymptotes 
t -3 | -2 | -1 1 
f(t) | -2 | -1 0 Undef. 
>t 
х -5х5-4 _ (x — (х — 4) 
x? – 4 (x + 2)(х - 2) 
(a) Domain: all real numbers x except x = +2 
(b) x-intercepts: (1, 0), (4, 0) 
y-intercept: (0, –1) 
(c) Vertical asymptotes: x = —2,x = 2 
Horizontal asymptote: y = 1 
x -4 | -3 -1 1 4 
1 28 1 
h(x) 0 0 0 0 
3 5 3 
1 ! (1,0) 
чое ан ; 
-6 -4 | (4. о) 6 
(00-17: 
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х2 +4 х2 +4 
37. f(x) = = 
fe) x?43x-4 (x + 4)(x – 1) 
(a) Domain: all real numbers x except x = —4 and x = 1 


(b) no x-intercepts 
y-intercept: (0, —1) 
(c) Vertical asymptotes: x = -4and x = 1 


Horizontal asymptote: y = 1 


(@ х 5 3 2 1 2 3 
. 29 13 4 5 4 13 
X - = E 
f ) 6 4 3 6 3 14 
E -6 4 у 


_ 2x? -5x +2 (2x - 1)(х - 2) + o2x—1 
2x-x-6 (2x +3)(x-2) 25-43 


39. f(x) 


x #2 


(a) Domain: all real numbers x except 


x = 2andx = 2 
2 
. 1 
(b) x-intercept: >” 0 


1 
y-intercept: (n. -| 


(c) Vertical asymptote: х — Е 


Horizontal asymptote: у = 1 


«|. -3|]-2]-| 0 |1 
. 7 1 1 
И 

79) 3 3 5 
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2x? -5x - 3 _ (2х + 1)(x - 3) 


i DO) Se og 8 (х = 2)(x + I(x = 1) 


(a) Domain: all real numbers x except x = 2,x = +1 


1 
(b) x-intercepts: Е o} (3,0) 


. 3 
y-intercept: | 0, — = 


(c) Vertical asymptotes: x = 2, x = –1, and x = 1 


Horizontal asymptote: y = 0 


d 
@ х —3 —2 0 3 4 
2 
: 3 5 3 48 3 
х = - € 0 
f(x) 4 4 2 5 10 
43. (a) Domain of f: all real numbers x except x = —1 


Domain of g: all real numbers x 


(b) ; 


-3 


(c) Because there are only finitely many pixels, the 
graphing utility may not attempt to evaluate the 
function where it does not exist. 


2 _ 
45. h(x) = ~ LEN. 
x x 


(a) Domain: all real numbers x except x = 0 
(b) x-intercepts: (—2, 0), (2, 0) 
(c) Vertical asymptote: x = 0 

Slant asymptote: y — x 


(|. ex Lem [oe] 


A(x) | -3 | > | 3 | -3 


| 
л 
шо [ел | ч 


Section 4.2 Graphs of Rational Functions 


(a) Domain: all real numbers x except x = 0 
(b) No intercepts 
(c) Vertical asymptote: x = 0 

Slant asymptote: y = 2x 


(4) х -4 -2 | 2 4 6 
33 9 | 9 33 | 73 

x - - 
709 4 21214 6 


191 
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x +1 


49. g(x) = 


= x + — 
X 


(a) Domain: all real numbers x except x = 0 


(b) No intercepts 


(c) Vertical asymptote: x = 0 
Slant asymptote: y — x 
(d) x -4 -2 | 2 4 6 


17 5 5 17 37 
g(x) | = 


2-1 26 
51. t) = =-t+5 
nes [+5 
(a) Domain: all real numbers t except t = —5 


(b) Intercept: (n 4i 


(c) Vertical asymptote: £ = —5 


Slant asymptote: y = —t + 5 


€ |, [-4|.&| -4 | -3]| 0 


f(t) | 25 | 37 | -17 | -5 | - 


-20 -15 -10 -5 s10 
1 


1 T ^ 
1 

1 T 

D 


53. f(x) = 


55. 


х Ж 4х 
= х 
х2 – 4 x? -4 


(a) Domain: all real numbers x except x = +2 


(b) Intercept: (0, 0) 


(c) Vertical asymptotes: x = +2 
Slant asymptote: y = x 


(d) |. -6 | -4:(-11081: 14.8 
| 27| 16[1 1 |16 | 27 

X — = 
I) NG 39 735 |з |а 


mas x -1 (= xt) х жха1 
х2-х х(х-1) х 
Budd. x #1 
x 


(a) Domain: all real numbers x except x = Оапах = 1 
(b) Intercepts: none 
(c) Vertical asymptote: x = 0 


Note: x = lis not a vertical asymptote since it also 
makes the numerator zero. 


Slant asymptote: y = x + 1 


d 
с х -2 —1 


У [| 


f(x) E =] 


NIN 
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2 
RTL. và 1 Ui pe 
х-1 х-1 x-3 


57. f(x) = 5 


(a) Domain: all real numbers x except x = 1 (a) x-intercept: (—1, 0) 


(b) y-intercept: (0, —1) (Ы) 0= x ч 
(c) Vertical asymptote: x = 1 RU 
0-x-«l 
Slant asymptote: y = x | 
NES 
Gy -4 | -2 |o l2] 4 
3x 3 
63. у = = 3 – 
f(x) E - 113 i 4 x +1 х +1 
(a) x-intercept: (0, 0) 
ORT. 3x 
х +1 
0 = 3x 
х= 0 
65. у = 2- х 
х 


(a) x-intercepts: (-1, 0), (1, 0) 
2х5 -x-2x 41 | (2x — D(x + 1)(х - 1) 


59. f(x) = 1 
fe) х'+3х+2 (x + 1)(х + 2) (b) m = 
2x —1)(х—1 
20х-18-3 /, i 
x+2 x 
2. кы 22 
2p e наса а 
¥ +2 x+2 xs 
(a) Domain: all real numbers x except 
x --landx = -2 67. y=x+2+} 
x 
А 1 
(b) y-intercept: (n ; (a) x-intercepts: (—1, 0) 
1 b) 0- jd 
x-intercepts: b o} (1, 0) (6) O=x 42+ E 
. х2 + 2х +1 
(c) Vertical asymptote: х = —2 0- 
х 
Slant asymptote: у-2х-7 0=х?+2х+1 
(d) E 2 
i -4 | -3 |-2|0 |1 0 = (x +1) 
2 0-х-1 
45 1 
x -— | -28 | 20 |= |0 x = -1 
fo) | -4 : 
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194 Chapter 4 Rational Functions and Conics 


69. (a) A = xy and 


(x — 4X» – 2) = 30 
30 
zo = 
* х-4 
мн 30 2x + 22 


х-4 x-4 
+2) - 2x(x + 11) 
x-4 


The area is minimum when x = 11.75 inches and y = 5.87 inches. 


x 5 6 7 8 | 9 | 10 11 12 13 14 15 


yı (Area) | 160 | 102 | 84 | 76 | 72 | 70 | 69.143 | 69 | 69.333 | 70 | 70.909 


The area is minimum when x is approximately 12. 
71. (a) 0.25(50) + 0.75(x) = C(50 + x) 


_ 12.50 + 0.75x 4 50+ 3x 3x + 50 


50-x 4 4504х) 4(x 50) 


(b) Domain: x = 0 and x < 1000 – 50 


Thus, 0 € x < 950. Using interval notation, the 
domain is [0, 950]. 


c 
© 1 
10+ 1 4 
(b) 0- + — 
08 x+5 x 
06 A lo 
n x +5 
- -4(x + 5) = 
O х —4x -20 = х 
200 400 600 800 1000 
—5х = 20 
(d) As the tank is filled, the concentration increases ead: 


more slowly. It approaches the horizontal asymptote 


of C= 3 = 0.75. 
4 
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(b) 02x- Э 
х-1 
6 
= х 
х-1 
6 = x(x — 1) 
02x!-x-6 
0 = (x + 2(x - 3) 
x=-2, x =3 
3(x + I) 
T. = ————— 
f(a) x!-x-4l 
6 
-9 9 


79. 


81. 


-6 


Relative minimum: (—2, -1) 
Relative maximum: (0, 3) 


20 


072 


22 


-20 


Relative minimum: (5.657, 9.314) 


Relative maximum: (—5.657, 13.314) 


Cis dO ee dpi 
x? x + 30 


300 


0 300 
0 


u 


The minimum occurs when x = 40.45, or 


4045 components. 


Section 4.2 


Graphs of Rational Functions 195 


83. (a) Let л = time from Akron to Columbus 


85. 


87. 


and t, = time from Columbus back 
to Akron. 


100 
x, = 100 > 4 = — 


yt, = 100 


50(4 + tj) = 200 
i +t =4 
100 , 100 


25x = у(х - 25) 
25х 

x-25 

(b) Vertical asymptote: x — 25 


Thus, y = 


Horizontal asymptote: y — 25 
(c) 200 


(15130 | 35 | 40 | 45 (501 55 | 60 


y | 150 | 87.5 | 66.7 | 56.3 | 50 | 45.8 | 42.9 


(e) Sample answer: No. You might expect the average 
speed for the round trip to be the average of the 
average speeds for the two parts of the trip. 


(f) No. At 20 miles per hour you would use more time 
in one direction than is required for the round trip at 
an average speed of 50 miles per hour. 


False. The graph of f(x) = crosses y = 0, 


x 
х2 +1 
which is a horizontal asymptote. 


True. Vertical asymptote can only occur at the zeros of 
the denominator. 
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196 Chapter 4 Rational Functions and Conics 
6-2 2(3 — х 
89. h(x) = Ж ы 
3-х 3-х 
5 
-6 6 


-8 
Since A(x) is not reduced and 3 — x is a factor of both 


the numerator and the denominator, x — 3is nota 
vertical asymptote. Instead, the graph has a hole at 
x = 3. 


91. (a) ІҒ ће degree of the numerator is exactly опе more 


93. y 


than the degree of the denominator, then the graph 
of the function has a slant asymptote. 


(b) To find the equation of a slant asymptote, use long 
division to expand the function. 


х-2 + 


has slant asymptote 
XE 


y — x — 2 and vertical asymptote at x — —4. 


We determine a so that y has a zero at x = 3: 


a 


023-24 -1-2-а--17 
3-4 7 
— 2 — 
Hence, y = x - 2 + | a s 
x+4 x+4 


95. f(x) 2 x? + 2x = (х2 + 2x + l) -1 = (x + 1? -1 


Vertex: (-1, -1) 

Axis of symmetry: x = -1 

f(x) = x(x + 2) = 0 > x =0,-2 
x-intercepts: (0, 0), (—2, 0) 


Section 4.3 Conics 


1. conic or conic section 
3. axis 


5. hyperbola; foci 


97. f(x) = -x? — 16x - 13 


-(x? + 16x + 64) — 13 + 64 
-(x + 8) +51 


Vertex: (—8, 51) 


Axis of symmetry: x = -8 


f(x) = -x?-16x-1320 
=> x7+ 16x +13 = 0 


_ -16 + 4/256 — 4013) 


2 


x 


= -8 + V51 


x-intercepts: (—8 + 4/51, 0) 


99. (x – 0) + (у – 3) = 72 


х? + (у = 3)? = 49 


(х + 2)? + (у +1) = 25 


103. This situation could be represented by a one-to-one 


function if the runner does not stop to rest. The inverse 
function would represent the time in hours for a given 
number of miles completed. 


7. If the major and minor axes have lengths 2a and 2b, 
respectively, use the equation c? = a?— P? to find c. 


The eccentricity is the ratio c/a. 
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х? = 4(-3)y; p = -3 ui 


9. x? = -2y 19. х2 + 12у = 0 
Parabola opening downward 
Matches (b). Focus: (0, -3) 
10. y? = 2x Directrix: y = 3 
Parabola opening to the right 
Matches (c). 
2 
п. ^+ у =1 21. Focus: (3, 0) 
9 
2 
Ellipse with horizontal major axis у = 4(3)x 
Matches (f). у? = 12x 
13: 2- у? 21 23. Directrix: y = 2 
9 хн 4(-2)у 
Hyperbola with horizontal transverse axis 2 8 
ї == 
Matches (d) 4 
2 = 
13. y? — 9x? = 9 d dais 
yox 6 = 4p(-4) 
goan! 36 = —16р 
Hyperbola with vertical transverse axis =з = р 
Matches (а). у? = 4-3) 
14. x? + y? = 16 у? = -9x 
Circle with radius 4 " 
Matches (e). aly e s Re 
3° = 4р(6) 
15. рер А - 
Ус 2 М 9 = 24р 
= = IX. zd 
x^32y 4( D): р= 7 $ -p 
Focus: (0, 1) х? = 4()у 
Di i: y = -d х? = Зу 
irectrix: у = 73 x x 
Focus: (0, 3) 
17. y? = -6x 29. y? = 4px, р = 1.5 
? = 4(1.5 
y? = 4-3) р = =} y ( )х 
у? = 6x 


Еоси$: (-3, 0) 


Directrix: x = 3 


Section 4.3 Conics 


197 
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31. (a) 1 35. Vertices: (+5, 0) > a = 5 
(-640, 152) (640, 152) Foci: (+2, 0) >c=2 
b = V5 — 22 =+/21 
Horizontal major axis 
X x? y? _ 
Sigo 
() x = 4ру 2214 
25 21 
(640) = 4p(152) "T 409,600 _ 12,800 
608 19 А 
37. Foci: (+5,0) > с = 5 
ЭЭР 12,800 
dix 19 i Major axis of length 14 > a = 7 


js 192? Б = VP -5 = 4/24 


51,200 Horizontal major axis 
33. Vertices: (0, +2) > a = 2 х2 y 
u ^1 
Minor axis of length 2 > b = 1 e b 
2 2 
Vertical major axis S qu ed 
> 5 49 24 
b a 39. Vertices: (+9, 0) > a = 9 
х? у? 
Toa- 1 Minor axis of length 6 > b = 3 


Horizontal major axis 


x y? 
E y ud 
ИИ 
2 2 
2621 
1 9 
2 2 
: : А х y 
41. Major axis vertical > — += = 1 
а? 


02 142 2 
Passes through (0,14) > — + — = 1 => 196 = а? 
b a 


(7 0° 2 zm 
Passes through (—7, 0) = y + = = 1 > 49 = Б 
2 2 
х Ў] 
49 196 
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43. 


45. 


2 2 


I + X = 1 

25 16 

Horizontal major axis 
a=5,b=4 


Center: (0, 0) 


Vertices: (+5, 0) 


52 = 40 + с? 
9 = с? 
03 

c 
e=— 

a 
e = 3/5 
m yl 


=1 
25/9 16/9 
Horizontal major axis 
5 4 


Center: (0, 0) 


Vertices: (+5 o) 


47. — 


l=¢ 
с=1 
c 
ea 
a 
poi ug 
(53) 5 
2 2 
Pe end 
36 7 
Horizontal major axis 
а = 6,Ь = N7 


Center: (0, 0) 


Vertices: (+6, 0) 


w+ 


6 = (V7) +e 
29 = с? 
с = 4/29 

c 
а 

а 
2 29 

6 


51. 


53. 


Section 4.3 Conics 


Vertical major axis 
a=3,b= 4/5 ж-з 
Center: (0, 0) 


Vertices: (0, £3) 


3 = (V5) + с? 


4 = с? 
c=2 
c 
е= – 
а 
2 
e=- 
3 
Ax? +y =1 
2 
2-6 у? = 1 
1/4 
Vertical major axis А 
а= 1,Ь = 1 
2 


Center: (0, 0) 


Vertices: (0, +1) 


3 2 
4 
J3 
c = —— 
2 
C 
е=— 
а 
Мз. 
е= 2 _ УЗ 
1 2 


Vertices: (+5,0) > a = 5 


2 
. : А x 
Major axis horizontal => — + 

a 


4 
esta sexs 
a 5 


25 =b +16 
9-p 
2 2 
cr EET, 
25 9 


y 


b? 


-44+ 


nN 


2 


=1 


199 
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55. The length of string needed is 2a or 2(3) = 6 feet. The 
positions of the tacks are (+c, 0) where c is given by 
gra GiB 


=3?-2=9-4=55c=+J5, 


Positions: (5, 0) 


57. (a) 
(-20, 0) (20,0) 
(b) Horizontal major axis (c) When x = 5: 
a = 20,b = 15 
у = 3 J40- 5° 
x2 y? : x) 4 
au us oma ТТ y ~ 14.52 feet 
225 Yes, the truck can clear the tunnel with 
je [20629 Е х?) 0.52 foot clearance. 
y= 2/00 - x? Top half of ellipse 
2 2 2 2 
s. Tod 61. 9x^ + 4y" = 36 
E + у? = 1 
g525-Less3 санг, 
Points on the ellipse: (+2, 0), (0, +1) а = 3,Ь =2,c = V5 
22221) Points on the ellipse: (+2, 0), (0, +3) 
Length of each latus rectum: — = E =1 
28  2Qy 8 
1 1 Length of each latus rectum: — = —— = — 
Additional points: (5. z (45. =) a 3 3 


Additional points: Е -V5 ) Ё 45 | 


N 
2 


бм.) c (v3.-1) 
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63. Vertices: (0, 52) > a = 2 ” х2 у. | 
Foci: (0, £6) > с = 6 25 25 
a=5,b=5 


Vertical transverse axis 


b = (2 -&@ = 32 Center: (0, 0) 


po x Vertices: (+5, 0) 
ER cgi 
a b Asymptotes: y = +x 
2 2 
73. —y- 0? = 1 
36 100 
65. Vertices: (+1, 0) > а = 1 y x 
Asymptotes: y = +3х 36 100 
Horizontal transverse axis аан аны! 
b Center: (0,0 
3S 5 2 >b=3 0.0) 
а l Vertices: (0, +6) 
2 2 
X end und 3 
a P Asymptotes: y — a 
2 2 
RD E y 
1 9 А 
124 
67. Foci: (£10, 0) > с = 10 Sa 91 й 
3 “ис эр шан 
Asymptotes: y — Зах 402421 _® 
-12-9-6 „^ |". 6 9 0 
Horizontal transverse axis 5-2 вэ 
2 ‚+ 
3 = b >a= 4, eT 
4 a 3 
2 2 
1652 + p? = (10) 75, 2- - — 2] 
1 4 
b? = 36 > а? = 64 a=1,b=2 
a у? - Center: (0, 0) 
64 36 Vertices: (0, +1) 


. ices: яв = 1 
69. Vertices: (0, +3) > a = 3 Asymptotes: y = ох 


Vertical transverse axis 


2 2 1 
Lis 1 
Point on the graph: (-2, 5) 
5 qu. | 
9 po 
pe = 
4 
2 2 
MA ЭМЭЭ" | 
9 9/4 
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77. 25y? — 9x? = 225 81. (a) Vertices: (+1,0) > a = 1 
у? _ ЭС = 1 Horizontal transverse axis 
9 25 2 y? - 
a=3,b=5 d Pp 
Center: (0, 0) Point on the graph: (2, 13) 
Vertices: (0, +3) 2 1» 
VEMM cc n | 
% | ТЕ Pp p 
symptotes: y — va 169 
Her 1 
3b? = 169 
Ь? = 169 
3 
Thus, we have T - 169 = 1. 
1 3 
E (b When y 2 5: 
79. 9х2 - y! 21 3(5? 
E х2 =1+ 200) 
x К у? = 0 169 
1 : х = 1+2 12016 
1 169 
a=-,b=1 
3 Width: 2x ~ 2.403 feet 
Center: (0, 0) 
2 2 
1 dc og 
Vertices: 227 100 4 
| The shortest horizontal distance would be the distance 
Asymptotes: y = +> = +3x between the center and a vertex of the hyperbola, that is, 
3 10 miles. 
1 85. False. The equation represents a hyperbola. 
LP ДЕ 
144 144 
23 87. True. The directrix is perpendicular to the axis of the 
parabola. 


89. True. The asymptotes are 
b 


y = о +—х. 

а 
If they intersect at right angles, then 
b -1 а 


a = b. 


91. No. The y-term has an exponent of 4, not 2. Therefore, it 
is not a second degree equation and not a hyperbola. 
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x) y? 95. (a) Left half of ellipse (portion to the left of the y-axis) 
93. Sample answer. To graph 5E + 16 = 1, you must solve 
b) Top half of еШ tion to the right of the y-axi 
the equation for y and graph the two resulting functions. (b): Top half of ellipse (portion to the:riglitof tie y-axis) 
2 2 
Ly + X. = 1 
25 16 


16x? + 25y? = 400 
25у? = 400 — 16x? 


> _ 400 – 16x? 
ger S 


у= # 
y = +124025 – х? 


у = iJ 25 — x? is the top half of the ellipse and the 


bottom half of the ellipse is y, = -iN25 - xi 


97. Let (x, y) be such that the sum of the distances from (-с, 0) and (c, 0) is 2a. 


(We are only deriving the form where the major axis is horizontal.) 


\/(х + oy + у? + f(x - о) + y? = 2a 


2 
al -с) + | = a — 2а2сх + cx? 
2 


ax? — 2а?сх + а?с? + а?у = а — 2а?сх + cx? 
ax? + а?е? + а?у? = а cx 
а?х? — cx? + а?у? = а — а?е? 
x (a? = с?) + а?у? = a? (a? 23 с) 
2 2 
Let b? = а? — с?. Then xb? + а?у? = а? > - + a =, 
99. x? + 6x -16 = 0 101. 2x2 - 12x +3 = 0 
х2 +6x+9=1649 2(x? – 6x + 9) = 3418 
(x + 3)? = 25 2(x — 3)? = 15 
y3 = £5 Xu 5 
х= -3 + 5 
x = 2,8 x=3H 430 = 62730 
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Chapter 4 Rational Functions and Conics 


Section 4.4 Translations of Conics 


11. 


. The graph of 


. Hyperbola with horizontal transverse axis 


GW ne 
a? p? 


Matches (b). 


1 


. Ellipse with vertical major axis 


1 


(2: (у-Ю 
= y + ОЛЕ Б 


Matches (d). 


. Parabola with vertical axis => (x — hy = 4р(у - k) 


Matches (e). 


. Hyperbola with vertical transverse axis 


=A 


(2-4) =f 


a b? 


Matches (c). 


> 


. Ellipse with horizontal major axis 


2 2 
26 o- 
а? b? 


Matches (a). 


1 


. Parabola with horizontal axis 


> (y - ky = 4p(x - h) 
Matches (f). 


. The graph of (x + 2r + (у = їр = 4is a circle. 


The graph has been shifted two units to the left and one 
unit upward from standard position. 


(у +3) 
4 


- (х= ЇГ = lis a hyperbola. 


The graph has been shifted one unit to the right and three 
units downward from standard position. 


The graph of (x + їр = 4(-1)(y - 2) is a parabola. 


The graph has been shifted one unit to the left and two 
units upward from standard position. 


105. 


107. 


13. 


15. 


17. 


19. 


21. 


23. 


а \ (2)Y _ 16% 
252 a a ^ 


Right shift 3 units: y = (x — 3 


(4 (у+2)у' 
16 


The graph of — lisan ellipse. 


The graph has been shifted four units to the left and two 
units downward from standard position. 


х2 + у? = 49 
Center: (0, 0) 
Radius: 7 

(xd) +)? = 10 
Center: (1, 0) 


Radius: J10 
(x - 4) + (у -57 = 36 
Center: (4, 5) 
Radius: 6 
х? + у? -8y = 0 
(œ) + (»* - 8y) = 0 
(x - 0) + (y? -8y + 16) = 0 + 16 
(x = 0) + (у – 4) = 16 
х? + (y - 4) = 16 


Center: (0, 4) 


Radius: 4 
х +y – 20+ 66у +9 = 0 
(x? - 2х) + (›? + бу) = —9 


(x? -2x + 1) + (y? + 6y 49) =-9 4149 


(x -17 + (у +3)” 


Il 
_ 


Center: (1, –3) 


Radius: 1 
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25. 4x! + Ay! + 12x - 24y + 4 


ll 
о 


2 
= 2х + 5 
31. Qos 
а _ 4 


4y =x? -2x+5 


xX + у? + 3x – бу + 


(x? + Зх) + (y? - бу) = -4 xb-2x = 4у —5 
(х2 + 3x +2) +(x? -6y +9) =-4+2+9 x!-2x4124y-541 
2 
(х + 2) + (у – 3) =1 ке алкен 


(х-1) = ҖШ(у-1;р -1 


Center: (—3, 3 
| 2 ) Vertex: (1, 1) 


Radius: 1 
Focus: (1, 2) 
27. E + г) = 2(х — 5) Directrix: y = 0 
+) = 406 — Ske = 4 | 


Directrix: x = 3 


33. 8x +y? 412 2y- 4 


29. (x - 1? + 8(у + 2) = 0 
(x = 1) = 4-2)» + 2); p = -2 
Vertex: (1, -2) Focus: (-3. 1) 


Vertex: (-4, 1) 


Focus: (1, –4) Directrix: x = 3 


Directrix: y = 0 


35. Vertex: (3, 2) 


Focus: (1, 2) 
Horizontal axis 
р=1-3=-2 


(7-2) = 4-2)(х - 3) 
(y - 2j = -8(x - 3) 
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37. 


39. 


41. 


43. 


Chapter 4 Rational Functions and Conics 


Vertex: (0, 4) 
Directrix: y = 2 
Vertical axis 
р-4-2-2 


(x - 0) = 4(2)(y - 4) 
х= 8(y — 4) 
Focus: (4, 4) 


Directrix: x = —4 


Horizontal axis 


Vertex: (0, 4) 
p=4-0=4 
(7-4) = 4(4)(x - 0) 
(у = 4) = 16х 

(а) V = 17,500\/2 mi/h 


= 24,750 mi/h 
(b) p = -4100, (h, k) = (0, 4100) 
(x — 0)? = 4(-4100)(y — 4100) 
x? = -16,400(y — 4100) 


(a) To write the equation, let s = 100 and уу = 28. 
2 
5 v 

х = -—(y-s 
167 ) 
28° 

x? = -—/(y – 100 
16 2 ) 


= 
Il 


2 = —49(y — 100) 


(b) To find the distance traveled horizontally, before the 
ball strikes the ground, let y = 0 and solve for x. 


x? = —49(0 – 100) 
x? = 4900 
x = 4/4900 
= 70 
The ball travels 70 feet horizontally before striking 
the ground. 
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47. 


=1 
9 25 
a=5,b = 3,с = Ма? –- Ь? = 4 
Center: (1, 5) 
Foci: (1,1), (1, 9) 
Vertices: (1, 0), (1, 10) 
10 
+ f »— X 
-4 -2 2 4 6 
(x + 2) (y + 4) | 
1 1/4 
"— сг а? -b = 3 
2 4 


Center: (-2,-4) 


Foci: Е ав Уз -s| 


2 


Vertices: (-3, 4), (-1, —4) 


ls 


49. 


51. 


53. 


9x? + 25y? – 36x — 50y + 52 = 


0 
52 


9(x? – 4x) + 25(y? - 2y) 


9(x? – 4x + 4) + 25(y? - 2y +1) 


2 


9(x — 2)° + 25(y — 1) 


3 9 16 — 


а=1,Ь=—,‚с = 


-52 + 9(4) + 25(1) 


9 


5 25 25 
Horizontal major axis 
Center: (2, 1) 


Foci: (s. ) (s ) 
5 5 
Vertices: (1, 1), (3, 1) 


25x? + 4y? + 50x — 75 
25(x? + 2x) + 4(y?) = 


| ll 
У о 
л 


25(x? + 2x +1) + 4(y?) = 75 + 25(1) 


25(x + 1} + 4(y – 0)? = 100 
(3917 -9 _ 
4 25 


(x+) y í 
4 25 


a =5,b = 2,с = N5 – 4 = 4/21 
Vertical major axis 
Center: (-1, 0) 


Foci: (- І, + J21) 


Vertices: (-1, +5) 


y 


Vertices: (3, 3), (3, -3) 

Minor axis of length 2 > b = 1 
Center: (3,0) > a = 3 
Vertical major axis 


(821 


2 
+2 =1 
1 9 


Section 4.4 Translations of Conics 


55. Foci: (0, 0), (4,0) > c = 2 
Major axis of length 8 > a = 4 
b = а? – с? = 12 
Center: (2, 0) 


Horizontal major axis 
_2/ 2 
(x-2y E PA = 1 
16 12 
57. Center: (1, 4) 
Vertices: (1, 0), (1,8) > a = 4 


»4220c5c22 


a = 2c 
№ = а? – с? = 4 – 2? = 12 
Vertical major axis 


(r= 0-4. 
12 16 


1 


59. Vertices: (-3, 0), (7, 0) > a = 5 
Foci: (0, 0), (4, 0) > с =2 
Center: (2, 0) 


Horizontal major axis 


а? = Ь® he — Ь? = 5° 2 = 21 
2 
29 2 
8-2) ә у 
25 21 


207 
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61. Foci: (-3, -3,(-3, -1;c = 1 69. (у + 6 -(х- 2y =j 
Center: (-3, —2) (midpoint between foci) гэг” NET = \/2 
а= e 1 Center: (2, —6) 

a 3 
Aap shy 8 Vertical transverse axis 
p-y-p-g Vertices: (2, –7), (2, —5) 
(x + 3) (у + 2) i Foci: (2. -6 + 42) 
8 9 
Asymptotes: 

63. Vertices: (2, -1), (2,3; a = 2 y-3(x-2)-6 

Center: (2, 1) (midpoint between vertices) N 
EE 


с 
е =— = 
а 2 


а = 2с = 45,8 = 2 - (В) =1 


e- 0- 


=1 
1 4 
= 1 d 
(x y 09 „| т. x? — 9y? + 2x — 54у – 85 = 0 
(x? + 2х) - 9(y? + 6y) = 85 
65. a = 3.67 x 10° 
(x? + 2x + 1) - 9(y? + 6y + 9) = 85 +1- 9(9) 
е = © = 0249 2 2 
a (x +1) -9(y +3) = 5 
c = 913,830,000 («+12 (уе3р 
Smallest distance: a — с = 2,756,170,000 miles 5 se T! 
Greatest distance: a + c = 4,583,830,000 miles 
а= M5, b = х5, =Va +b? = ха 
2 2 
48-9. OPEN. а Center: (-1, 3) 
16 9 
Horizontal transverse axis 
a=4,b=3,c=Va?+b? = 5 


Vertices: (-1 + V5, -3| 
Center: (2,-1) 


Horizontal transverse axis Foci: 5 + 542) 3 
Vertices: (6, —1), (-2, -1) 3 
Foci: (7, -1), (3, -1) Asymptotes: y — exo +1)-3 
Asymptotes: y = E -2)-1 À 
, T 
A +1— +> 
41 -5-4-3-2-1,| 1 2 3 
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73. 


75. 


77. 


9y? — х? – 36y – бх +18 = 0 
9(у2 - 4y) - (x? + 6x) = -18 
9(у2 - 4y + 4) - (x? + 6x + 9) = -18 + 9(4) - 9 
9(у - 2} – (x +3) =9 
x +3) 
p ЕВЕ и 
а =1,Ь = 3с = Уа P = АЛО 
Center: (-3, 2) у 
Vertical transverse axis 11 


Vertices: (—3, 1), (-3, 3) 


Foci: (-3, 2+ 410) 


Asymptotes: 


у= *i(x*3)42 ad 


Vertices: (0, 0), (0, 2) 
Foci: (0, –1), (0, 3) 
Center: (0, 1) 

Vertical transverse axis 


а= 1с = 2,6? = с? - а? = 3 


СЕ 
1 3 
Foci: (—8, 5), (0, 5); с = 4 
Center: (—4, 5); midpoint between foci 
Transverse axis of length 4, so a = 2 


с = 4,а = 2,6? = с — а? = 4 — 2? = 12 


(х +4) (2-5) 
4 12 


= 1 


-8-7-6-5-4-3-2-1 | 


79. 


81. 


83. 


Section 4.4 Translations of Conics 


Vertices: (2, 3), (2, —3) 
Passes through the point (0, 5) 
Center: (2, 0) 


Vertical transverse axis 


а = 3 
2 
E ы = 
9 b? 
s 0-7, 
ин ин 
в = 
4 


y 4х - 2) =] 
9 9 
Vertices: (0, 2), (6, 2) 


Asymptotes: y = z^ у= 4- E 


Center: (3, 2) 


Horizontal transverse axis 


a=3,b=2 

e- 0-2, 
9 4 
y -x-4y20 


(у +4y + 4) - х? =4 


(у +2) - х2 = 4 


(у + 2r Ш Хо e 
4 4 
Hyperbola 
A 
И 
tt T > x 
-4-3-2-1,| 1234 
«3d. 
-54 
-6T 


209 


Vertical translation 2 units downward from standard 


position 
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85. 16? + 128x + 8y – 7 
2227 


16(y? +5y+ i) = -128x + 7 + 16() 


ll 


0 
-128х +7 


ll 


| 


L— 
N 
ll 
| 
Ын 
ы 
оо 
ы 
+ 
оо 


16(y + 


ll 
| 
оо 
з 
+ 
| 


(y + у 
| 


221) 


! 
| 
-®. 
+ 
| 
mE 


Parabola 


Horizontal translation 1/16 unit to the right and a vertical translation 1/4 unit down from standard position 


87. 9x? + 16y? + 36x + 128y + 148 
9(х? + 4x) + 16(y? + 8y) = -148 


1 
о 


9(x? + 4x + 4) + 16(y? + 8у + 16) 


1 
m 
AB 
oo 
© 

= 
A 
KR 
um 
© 
— 
— 
ON 
аа; 


9(x + 2)? + 16(у + 4)? = 144 
(х +2) (0+4) _, 


16 9 


Ellipse 


Horizontal translation 2 units to the left and vertical translation 4 units downward from standard position 


89. 3x? + 2y? - 18x - 16у + 58 = 0 91. 100х2+ 100y? — 100x + 400y + 409 = 0 
3(x? – 6x) + 2(у? - 8y) = —58 A = 100, C = 100 
3(x? – 6x + 9) + 2(? – 8y + 16) = -58 + 27 + 32 A=C — Circle 
3(x – 3) + 2(у - 4 =1 93. The center is (-4, 2), not (4, —2) 
C- P-P, 


1/3 1/2 
True. The equation in standard form is 
k-33 (0-4) 


| = 1. 
1/3 1/2 
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95. 


97. 


99. 


101. 


103. 


f(x) = 5x 


Domain: All real numbers x 


f(x) = Ух +1 
x+120 

x2-l 
Domain: All real numbers x such that x 2 —1 
fy = 0 = Ve 
Domain: All real numbers x such that x > 0 
f(x) = -x 

6 

-9 9 


-6 


Decreasing on (—оо, оо) 


f(x) = 3x? -5 


6 


-6 
Increasing on (0, со) 


Decreasing on (—ee, 0) 


Review Exercises for Chapter 4 


Review Exercises for Chapter 4 211 


105. f(x) = X +1 


3 


-1 


Decreasing on (—ee, оо) 


f(x) = Ух 


7 


107. 


-1 


Increasing on (0, e») 


109. f(x) = х? 


7 


-1 


Increasing on (0, со) 


1. Because the denominator is zero when x + 10 = 0, the domain of f is all real numbers except x = —10. 
x 11 10.5 10.1 10.01 10.001 | — -10 
f(x) | 33 63 303 3003 30,003 — оо 
x -10 < | -9.999 9.99 9.9 9.5 9 
f(x) | =% < -29,997 2997 297 57 27 


As х approaches —10 from the left, f(x) increases without bound. 


As x approaches —10 from the right, f(x) decreases without bound. 
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3. Because the denominator is zero when x? — 10x + 24 = (x — 4)(x — 6) = 0, the domain of f is all real numbers except 
x = 4andx = 6. 


x 3 3.5 | 3.9 3.99 3.999 -» 4 


f(x) | 2.667 | 6.4 | 38.095 | 398.010 | 3998.001 | > = 


x 4 < 4.001 4.01 4.1 4.5 5 


f(x) —e < | —4002.001 —402.010 | -42.105 | -10.67 | -8 


As x approaches 4 from the left, f(x) increases without bound. 


As x approaches 4 from the right, f(x) decreases without bound. 


x 5 5.5 5.9 5.99 5.999 -» 6 


f(x) | -8 | -10.67 | -42.015 | —402.010 | —4002.001 | — -% 


x 6 — 6.001 6.01 6.1 6.5 | 7 


f(x) | e € | 3998.001 | 398.010 | 38.095 | 6.4 | 2.667 


As x approaches 6 from the left, f(x) decreases without bound. 


As x approaches 6 from the right, f(x) increases without bound. 


6x? -3 
. = 13. f(x) = — 
at) x+3 70) Эх” 
Vertical asymptote: x = —3 (a) Domain: all real numbers x except x = 0 
Horizontal asymptote: none (b) No intercepts 
(c) Vertical asymptote: x = 0 
2 
7. g(x) = = Horizontal asymptote: y = 0 
x -4 
(d) 3} 2] — 
Vertical asymptotes: x = —2, x = 2 * 3 2 1 1 2 3 
Horizontal asymptote: y = 1 f (x) : 3 3 2 
6 2 8 6 
5x + 20 
9. h(x) = —————— 
(9 х2-2х-024 
5(x + 4) Р 
i (x — 6)(x + 4) 
= 2 , x #-4 
x—6 


Vertical asymptote: x = 6 


Horizontal asymptote: y = 0 


п. G= © = 952 +500 9. 


x x 


Horizontal asymptote: C=—=05 


As x increases, the average cost per unit approaches the 
horizontal asymptote, C = 0.5 = $0.50. 
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24x x+2 5x? 
15. g(x) = = 1 = 
z ) l-x x-1 xi р(х) 4x? +1 
(а) Domain: all real numbers x except х = 1 (a) Domain: all real numbers x 
(b) x-intercept: (-2, 0) (b) Intercept: (0, 0) 
y-intercept: (0, 2) (c) Horizontal asymptote: y — И 
(c) Vertical asymptote: х = 1 (d) 
. x -3 |-21-11011| 2 3 
Horizontal asymptote: y = —1 
d P(x) 212541 0 ( (2212 
@ 1, -1|0 2 3 37 | 17 17 | 37 
1 5 У 
х = [2 |4 | -= 
a(x) | 5 ; 1 


= c (0.01 2 


19. f(x)- 


(a) Domain: all real numbers x except x # +4 
(b) Intercept: (0, 0) 
(c) Vertical asymptotes: x = +4 


Horizontal asymptote: y = 0 


(d) |. a ee т 1 2 3 5 
| XE E WE 1 3 | 5 
x 0 
fe) 8 |* |6 |15 is | 6 
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-6x? 


x?41 


21. f(x) = 


(a) Domain: all real numbers x 


(b) Intercept: (0, 0) 


(c) Horizontal asymptote: y = —6 


(d) | #3 | 42 |+ lo 
| 27| 24 
x) | -=| -— | -3 |0 
70) | [5 


203202 -10x +3 (х-3)3х-1) 3х-1 v 
xi-4x*3  (x-3)x«-D х-1/ 


23. f(x) 


(a) Domain: All real numbers x such that x + 1,3 


(D y=0 3x -1=0 x i 


x-intercept: (5 0) 


х= 0 Аа pa 
0-1 -1 
y -intercept: (0, 1) 
(c) Vertical asymptote: x = 1 
Horizontal asymptote: y = 3 
Hole: (3, 4) 
(d) 
x -21-110 1 2 3 4 
f(x) 112 1 | Undef. | 5 | hole | У 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Review Exercises for Chapter 4 215 


3 
25. f(x) = Е 2x – 2x 


х2 +1 x? +1 


(a) Domain: All real numbers x 
(b) Intercept: (0, 0) 


(c) Slant asymptote: y = 2x 


@ x -21-110111| 2 
re) :|-5| 41011154 
x? + 3x – 10 12 
27. ee 

(a) Domain: all real numbers x except x = —2 
(b) y-intercept: (0, —5) 

x-intercepts: (2, 0), (—5, 0) 
(c) Vertical asymptote: x = —2 

Slant asymptote: y = x + 1 
(d) | x 6|-41-3|1-11011 (214 


10) -2|3|19|-2|-5 -2|9 | 3 
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238 – 2x? -3x + 2 
3x? -x-4 

_ (3x — 2)(x + 1)(x – 1) 
(3x — 4)(х +1) 


29. f(x) 


_ (3x — 2)(x – 1) 

i 3x —4 
1 2/3 

эх ! ,xz-l 
31 3-4 


(a) Domain: all real numbers х except 


x = -landx = 2 
3 
: 2 
(b) x-intercepts: (1, 0), E o) 
ми 
y-intercept: | 0, —— 
2 
А 4 
(c) Vertical asymptote: х = 5 


1 
Slant asymptote: у = x — — 


3 
(9|. -3| —2 [|0 [1 
4| 12 | 1 14 
x -- | -— | — |0 — 
йыр arcu eae 2 5 


(b) 


(c) 


33. (a) 


(b) 


35. y? 


2 
ad 
12 


100,000 + 0.9x 
= ———_,, x» 0 


= 40,000 80,000 


When x = 1000, 
c . 100,000 + 900 _„ (90, 
1000 
When x = 10,000, 
= 100,000 + 9000 — $10.90. 


10,000 
When x — 100,000, 


_ 100,000 + 90,000 


= $1.90. 
100,000 


The average cost per unit is always greater than 
$0.90 because $0.90 is the horizontal asymptote of 
the function. 


N 
А 
i 5 10 15 20 25 Жэ. 
Years 
20(3(5) + 4 
n(5)= 286) * 4) _ 594.9 — 304,000 fish 
0.05(5) + 1 
20(3(10) + 4) ' 
N(10) 2 7—— — — = 453.333 —› 453,333 fish 
0.05(10) + 1 
20(3(25) + 4) : 
N(25)=——___ = 702.222 > 702,222 fish 
0.05(25) +1 
(c) Ast > о, N > Oe 1200. 
0.05 


N = 1200 is the horizontal asymptote of the graph 
of the function. Therefore, as time passes, the 
number of fish goes to about 1,200,000 fish. 


= —10х is a parabola. 


x? 


9 


= lis a hyperbola. 
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39. 4x? + 18y? = 36 is an ellipse. 53. Foci: (+14, 0) > с = 14 


Center: (0, 0 
41. 3x? + 3y? = 75 is a circle. (00) 


Minor axis of length 10 > b = 5 


43. Vertex: (0, 0) piu ae 
Focus: (—6, 0) > p = -6 196 = а? ~ 25 
Horizontal axis а? = 221 
у? = 4рх X 4 x- -1 
Усан 221 25 
у? = -24x 55. Vertices: (0, +7); а = 7 


45. Vertex: (0, 0) Foci: (0, +6); с = 6 


Directrix: y = -3 > р = 3 Б? = а? – с? = 49 – 36 = 13 
Vertical axis Vertical major axis 
2 2 
х? = 4ру ае 
x? = 4(3)y 13 49 
x? = 12у 57. а= 5,6 = 4с = la =p a3 
47. Vertex: (0, 0) The foci should be placed 3 feet on either side of the 


center and have the same height as the pillars. 
Point: (3, 6) 
59. Vertices: (0, +1) 
Horizontal axis 


y? = 4px Foci: (0, +5) 
62 = 4р(3) > р = 3 Vertical transverse axis 
y! = 4(3)x Center: (0, 0) 
у? = 12x a=le=5 
b = 25-1 = 24 
2 
49. y = 2, -100 < x < 100 LONE NT 
200 EDI = n 
Vertex: (0,0 2 2 
(0, 9) а eq 
xi = 200y 1 24 
х? = 4(50)y 61. Center: (0, 0) 
P= 90 Horizontal transverse axis 
Focus: (0, 50) Vertices: (+1, 0) > a = 1 
b 
51. Vertices: (0, 6), (0, -6) > a = 6 Asymptotes: y = +2x ae 2 b=2 
Ends of minor axis: (5, 0), (-5, 0) > b = 5 2 


2 
E зүй? 
Center: (0, 0) 1 4 
Vertical major axis 


œ- (0-0) 
52 6° 
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63. 


65. 


Chapter 4 Rational Functions and Conics 
x —6x+2y+9=0 
(x - зу = —2у 
2 1 1 
x-3) -4--|у-эрэ-- 
8-3 = 4-р ре 
Parabola 
Vertex: (3, 0) 
1 
Focus: E i 
2 


The graph of x? = —2y has been shifted to the right 


three units. 


ll 
© 


x+y? —2x-4y +1 
(x? – 2x) + (y? - 4y) = -1 


(x? - 2x + 1) + (y? - 4y + 4) 


ll 
L 
+ 
+ 
EN 


(x - 1! +(y-2) 24 
Circle 
Center: (1, 2) 


Radius: 2 


The graph is the circle x? + y? = 1 translated 1 unit to 


the right and two units upward. 


67. 


x? + 9y? + 10x – 18у + 25 = 0 


(x? + 10x) + 9(y? – 2y) = -25 
(x? + 10x + 25) + 9(у* – 2y + 1) = -25 + 254 
(x +5) + 9(у -1) -9 
5 
ин -(у-1 21 


Ellipse 
Center: (—5, 1) 


Vertices: (—8, 1), (—2, 1) 


2 
The graph of = + y? = 1 has been shifted left five 


units and upward one unit. 
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69. 


71. 


73. 


75. 


0 
119 


9x? — y? — 72x + 8y +119 = 
9(x? – 8х) - (у? - 8y) = 
9(x? – 8x + 16) - (y? - 8y +16) = 
(x – 4) - (y - 4) = 
(2-4) (y-4y _ 

1 9 


Hyperbola 
Center: (4, 4) 


Vertices: (3, 4), (5, 4) 
y? 

The graph of x? — r3 

Vertex: (4, 2) 

Focus: (4, 0) 


Vertical axis, p = —2 


(1-4) = 4(-2)(y - 2) 
(к-а = -8y - 2) 
Vertex: (8, —8) 


Directrix: x = 1 


Horizontal axis 


p=8-1=7 
(у +8) = 4(7)(x - 8) 
(у + 8) = 28(x - 8) 


Vertices: (0, 2), (4, 2) > a = 2 


Minor axis of length 2 > b = 1 


Center: k Еа is 2t | - (2, 2) 
2 2 
Horizontal major axis 
Ce uoa) 
ge 
2 
-2 
(x ) T (у — 2)" = 1 
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-119 + 144 — 16 


9 
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= 1 has been shifted right four units and upward four units from standard position. 


77. Vertices: (2, -2, (2,8) > a = 5 


79. 


Foci: (2, 0), (2, 6) > c =3 


Center: 23 za -2*8 - (2,3) 
2 2 
с? = а? — 2 > b? = а? - с? 
b? = 25-9 
b? = 16 
Vertical major axis 
(x - 27 (2-3) _, 
4? 52 
pen" dues. i 
16 25 
Foci: (0, –4), (0,0) > c = 2 
ЭР 2 
Eccentricity: e — " 
228 
3 а 
Em 
3 a 
a=3 
Center: k Ы Ч 213 J = (0, -2) 
2 2 
с? = æ -b > b = а? — с? 
b 29-4 
b = 5 
Vertical major axis 
: +2)” 
E UA og 
5 9 


220 Chapter 4 Rational Functions and Conics 


81. Vertices: (—10, 3), (6,3) > a = 8 85. x? = 4р(у - 12) 
Foci: (-12, 3), (8,3) > с 210 b (t4) = 4p(10 — 12) 
Р р 16 = -8p 
= V100 — 64 = 6 -2=р 
2 — = — 
Horizontal transverse axis х? = 4(-2)(y - 12) 
25.2 
Center: (-2, 3) х? = -8&y – 12) 
(х ig 2) (у = 3) ӨР When у = 0, we have: 
64 36 x? = 96 
83. Vertices: (3, —4), (3,4) > a = 4 x = £496 = 44/6 
Vertical transverse axis At ground level, the width is 2x — 8/6 = 19.6 
з+3—4+4 meters. 
Center: | = хэ + | = (3,0) | 
2 2 87. True. It could be a degenerate conic. 
y} (x- 3) 89. (a) For an ellipse e = c/a and c = а? — b’. 
gos tN Eae 
16 b? c 
e-—-ea-c 
The hyperbola passes through (4, 6), so let x — 4 and a 
y=6 
62 (4-3) 
ees = 1 
16 p 
28:24:52 
16 b 
36b? – 16 = 16b° 
20b? = 16 
"RE 
Э 
2 (x 3) As e approaches 0, the ellipse becomes a circle. 
y - 
БО анин NZD 2 2 
4 = Л = К 
16 H Tide by subsütiton © : ) 42 2 V iis 
a 
ру ру 
equivalent to Ses) + Сад мы: 1. 
а? a(l — е?) 
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Problem Solving for Chapter 4 


l. f(x 


ax +b 


)- 


сх + а 


: d 
Vertical asymptote: x = —— 
c 


: а 
Horizontal asymptote: y = — 
c 


(a) 


(b) 


(c) 


(d) 


The vertical asymptote is to the right of the y-axis, 
d 

so —— > 0. 
c 


— c and d have opposite signs. 


The horizontal asymptote is under the x-axis, so 


a 
— « 0. 

с 

— а апа с have opposite signs. 


Graph (a) matches (11). 


The vertical asymptote is to the left of the y-axis, 
d 

so —— « 0. 
c 


— c and d have the same sign. 


The horizontal asymptote is under the x-axis, so 


a 
— <0. 
[6 


=> a and c have opposite signs. 


Graph (b) matches (ii). 


The vertical asymptote is to the left of the y-axis, 
d 

so —— « 0. 
c 


— c and d have the same sign. 


The horizontal asymptote is above the x-axis, so 


a 
—>0. 
C 


— a and c have the same sign. 


Graph (c) matches (iv). 


The vertical asymptote is to the right of the y-axis, 
d 

so —— > 0. 
c 


=> c and d have opposite signs. 


The horizontal asymptote is above the x-axis, so 
a 

—>0. 

c 


=> a and c have the same sign. 


Graph (d) matches (1). 


3. (a) 


(b) 


(c) 


(4) 


(e) 


Problem Solving for Chapter 4 221 


Age, x Near point, y T 
16 3.0 
32 4.7 
0 70 
44 9.8 i 
50 19.7 
60 39.4 
y = 0.03132 — 1.59x + 21.0 
= = —0.007x + 0.44 
y 
1 
ARE a ЕРЕ 
—0.007x + 0.44 
50 
Ё 
е 
0 70 
0 
Age, x | Near point, y | Quadratic Model | Rational Model 
16 3.0 3.66 3.05 
32 4.7 2.32 4.63 
44 9.8 11.83 7.58 
50 19.7 19.97 11.11 
60 39.4 38.54 50.00 


The models are fairly good fits to the data. The 
quadratic model seems to be a better fit for older 
ages and the rational model a better fit for younger 


ages. 


For x = 25, the quadratic model yields 
y = 0.625 inch and the rational model yields 
y = 3.774 inches. 


The reciprocal model cannot be used to predict the 
near point for a person who is 70 years old because 
it results in a negative value (y = —20). The 


quadratic model yields y ~ 63.37 inches. 
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5. A hyperbola is the set of all points (x, y) in a plane, the 


difference of whose distances from two distinct 


fixed points (foci) is a positive constant. 


Using the vertex (a, 0), the distance to (—c, 0) is 


a + c, and the distance to (c, 0) is (c — a). 
d, — d, = (a + c) – (c — a) = 2a 


By definition, 


(x, y) on the hyperbola. Thus, 


6. Foci: (2, 2)and (10, 2) = Center is (6, 2) and c = 4 


|d;-d|224262a-3 


с = а? +b 5 16 = 9 + р >b = 7 


Horizontal transverse axis 


k-09 -i 
9 7 


1 


7. ( a) boat 


Island 1 12m Island 2 


Since d, + d, < 20, by definition, the outer 
bound that the boat can travel is an ellipse. The 


islands are the foci. 


(b) А 


-94 


-12- 


Island 1 is located at (-6, 0) and Island 2 is 


located at (6, 0). 


(c) di + d, = 2а = 20 a = 10 


The boat traveled 20 miles. 
The vertex is (10, 0). 


(d с= 6a =10 b? =a — с? = 64 


2 2 
X 
"m 


100 64 — 


d; — 4 | is constant for any point 


d, — d,|= 2a. 


As p increases, the graph flattens near (0, 0). It 


produces a vertical shrink and the parabola 
becomes wider. 


p-kx = 4у БКЕосиѕ: ( 
р = 2:х? = 8у Focus: ( 
p-3:x = 12у Еосиз:( 
р = 4х? = 16у Focus: ( 


р-1 Chord length = 4 
p=2 Chord length = 8 
р-3 Chord length = 12 
p=4 Chord length = 16 


In general, the chord length equals 4| pl. 


To graph a parabola, first plot the vertex and focus. 
At the focus, two additional points can be plotted 


by moving 2| p| units to the right and 2| p| units 


to the left if the directrix is horizontal. If the 
directrix is vertical, move 2| p| units up and 2| p| 


units down from the focus to plot two additional 
points. 
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11. Ax? + Cy? + Dx + Ey + Е = 0 


Assume that the conic is not degenerate. 
(a) A=C,A#0 


Ax? + Ay? + Dx + Ey + Е = 0 
E Ẹ 

х жу + х + у + = 0 
d 4? А 


к Чо КОГО и (Бик бу. 
"л аг] ge РРР A 44 442 
2 


рү Е D! + E? — 4AF 
X 4 [у = 
24 24 44 


VD? + E? - 4AF 


This is a circle with center E -A and radius 


2A 2| 4| 
(b) A 20 or C = 0 (but not both). Let C = 0. 
Ax? + Dx + Ey + Е = 0 
2 D E F 
х + —x-2-—y-— 
A A A 
5 D? E F Dp 
x + H y +— 
4A A A 4A 
Du". CE F D 
x+ = yt 
2A A E 4AE 
D р - 4AF 
This is a parabola with vertex | - —, ————— |. A = 0 yields a similar result. 
2A 4AE 


(c) AC > 0 = AandC are either both positive or are both negative (if that is the case, move the terms to 
the other side of the equation so that they are both positive). 


Ax? + Су? + Dx + Ey + Е = 0 
2 2. 2 2 
Qui meo3àx.L:i 


E Ї _ CD! + AE? - 4ACF 


4AC 
DY EY“ 
85) Gis 
CD? + AE? —4ACF СР? + AE? — 4ACF 
4А2С 4AC* 


Since А and C are both positive, 44°C and 4AC? are both positive. CD? + AE? — 4ACF must be positive 
or the conic is degenerate. Thus, we have an ellipse with center (-D/24, —E/2C). 


(d) AC « 0 = Ааш C have opposite signs. Let's assume that A is positive and C is negative. (If A is negative 
and C is positive, move the terms to the other side of the equation.) From part (c) we have 


DY EY 
Ё : A E > x) 
CD! + AE? - AACF CD? + AE? — 4ACF 
40°C ДАС? 


Since А > 0 and C < 0, the first denominator is positive if CD? + AE? — 4ACF < О апа is negative 
if CD? + AE? — 4ACF > 0, since 44^ C is negative. The second denominator would have the opposite 
sign since 44C? > 0. Thus, we have a hyperbola with center (-D/24, - E/2C). 
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Practice Test for Chapter 4 


1. Sketch the graph of f(x) = Be and label all intercepts and asymptotes. 


x 


Зх? — 


2. Sketch the graph of f(x) = and label all intercepts and asymptotes. 


. &?-9 
3. Find all the asymptotes of f(x) = 5 5 
x^ +1 
2 гэв 
4. Find all the asymptotes of f(x) = m 
Pon 
А KS 
5. Sketch the graph of f(x) = —— 
(x - 5) 


6. Find the vertex, focus, and directrix of the parabola x? — 20y. 
7. Find the equation of the parabola with vertex (0, 0) and focus (7, 0). 


2 2 
8. Find the center, foci, and vertices of the ellipse un +— = 1. 


9. Find the equation of the ellipse with foci (+4, 0) and minor axis of length 6. 


2 2 


10. Find the center, vertices, foci, and asymptotes of the hyperbola У-- 1 
144 169 
11. Find the equation of the hyperbola with vertices (+4, 0) and asymptotes of y = Ely 


12. Find the equation of the parabola with vertex (6, —1) and focus (6, 3). 


13. Find the center, foci, and vertices of the ellipse 16x? + 9y? — 96x + 36y + 36 = 0. 


14. Find the equation of the ellipse with vertices (-1, 1) and (7, 1) and minor axis of length 2. 


15. Find the center, vertices, foci, and asymptotes of the hyperbola 4(x + 3y - 9 (y - їр = 1. 


16. Find the equation of the hyperbola with vertices (3, 4) апа (3, —4) and foci (3, 7) and (3, –7). 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


CHAPTER 35 
Exponential and Logarithmic Functions 


Section 5.1 ^ Exponential Functions and Their Graphs ...................... sss 226 
Section 5.2 Logarithmic Functions and Their Graphs ..................... sss 231 
Section 5.3 Properties of Logarithms................ essere 236 
Section 5.4 Exponential and Logarithmic Equations ..................... esses 241 
Section 5.5 Exponential and Logarithmic Models ........................... sss 245 
Reyiew Ехегс1868... 225: ————————————————— — 253 
Problem: БОГ... голлуулан радар лцалийнийналн уншин айалав 259 
Practice: Dest: «tene er pe ed e БУ ьцийЧараань 261 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


CHAPTER 35 
Exponential and Logarithmic Functions 


Section 5.1 Exponential Functions and Their Graphs 


1. transcendental 13. f(x) -7" 


3. The graph of f(x + 1) is a horizontal shift one unit to the 
left of f(x) = 5". 


f(x) | 0.020 | 0.143 | 1| 7 | 49 


5. /(14) = (0.9)^ = 0.863 


7. f(-1.5) = 5000(2:15) 


1767.767 


u 


9. f(x) = 2* 


Decreasing 

Asymptote: y — 0 
ч = {| =x 

Intercept: (0, 2) 15. f(x) = (4) 


Matches graph (d). x -2 -1:101112 


10. f(x) = 2* +1 


Increasing 


Asymptote: y = 1 
Intercept: (0, 2) 


Matches graph (c). 


п. f(x) = -2 
Decreasing 


Asymptote: y = 0 


Intercept: (0, —1) 
0 112 
Matches graph (a). 
025 l| 4 
13. f(x) = 277? 
Increasing 


Asymptote: y = 0 
Intercept: (0. 1) 


Matches graph (b). 
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19. f(z) = 2" +3 33. f(x) = 3e*** 
х -3 |-21-11011 4 8 7 6 5 4 
f(x) | 325 | 35 | 4 |5 |7 f(x) | 0.055 | 0.149 | 0.406 | 1.104 | 3 


› Asymptote: y = 0 


=з eec] 1.2 3 
21. 39! 227 
3 3 
x+1= 
x -2 -1 0 1 2 
х= 2 
f(x) | 4.037 | 4.100 | 4.271 | 4.736 | 6 
= (3) TOR Asymptote: y = 4 
ү _ үзү? | 
(5) = (3) 9 
x= -5 : 
6 
25. f(x) = 3°, g(x) = 3* +1 > 
31 
Because g(x) = f(x) + 1, the graph of g can be 2 
obtained by shifting the graph of fone unit upward. саар be х 
-3-2-1 [1234567 


27. f(x) = 10*, g(x) = 10757 
fe) se) 37. stes 
Because g(x) = f(-x + 3), the graph of g can be 
obtained by reflecting the graph of fin the y-axis and 
shifting f three units to the right. (Note: This is 
equivalent to shifting f three units to the left and then 
reflecting the graph in the y-axis.) 54 


29. f(x) = е" 


9. g(x) 21 e 
(19) = е9 = 6.686 ам 


31. f(6) = 5000е2999) = 7166.647 


48 3 
0 
4. е7 = е 
3х+2 = 3 
3х = 1 
х= 1 
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228 Chapter 5 Exponential and Logarithmic Functions 


2. 
43. eo mg 


45. P = $1500, r = 296, = 10 years 


P nt 0.02 10n 
Compounded n times per year: A = A + 4 = зод! + um 


n n 
Compounded continuously: А = Pe" = 15002919) 
n|l 2 4 12 365 Continuous 


A | $1828.49 | $1830.29 | $1831.19 | $1831.80 | $1832.09 | $1832.10 


47. P = $2500, г = 4%, t = 20 years 


ғ пі 0.04 20п 
Compounded n times рег year: A = Al + 3 = ase t он| 
п п 


Compounded continuously: А = Pe" = 2500299490 


n1 2 4 12 365 Continuous 


A | $5477.81 | $5520.10 | $5541.79 | $5556.46 | $5563.61 | $5563.85 


49. A = Pe" = 12,000e°% 


t | 10 20 30 40 50 


A | $17,901.90 | $26,706.49 | $39,841.40 | $59,436.39 | $88,668.67 


51. А = Pe" = 12,000e° 


t | 10 20 30 40 50 


A | $22,986.49 | $44,031.56 | $84,344.25 | $161,564.86 | $309,484.08 


53. A = 30,000е(9%025) =~ $104,710.29 


55. C(t) = 29.88(1.04)' 
Ten years from today, ¢ = 10: C(10) = 29.88(1.04)" = $44.23 


= 1 1/24,100 7 t 
57. 0 = 16(3) 59. (a) V(t) = 52.90 7) 
(a) Q(0) = 16 grams m 
(b) Q(75,000) = 1.85 grams (b) V(4) = 52.490 7) = 30,769 infections 
© р 
61. True. The line y = —2 is a horizontal asymptote for the 
graph of f(x) = 10* — 2.As x > —°, f(x) 2 -2 
à И, but never reaches —2. 
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Section 5.1 


As x increases, the graph of y, approaches e, which 


18 у». 


69. (а) 


(b) 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, 


At x = 2, both functions have a value of 4. The 
function y, increases for all values of x. The function 
y is symmetric with respect to the y-axis. 


у = 3 у= х 


і 
Both functions are increasing for all values of x. For 
x » 0, both functions have a similar shape. The 
function y; is symmetric with respect to the origin. 
In both viewing windows, the constant raised to a 


variable power increases more rapidly than the 
variable raised to a constant power. 


Exponential Functions and Their Graphs 


71. (a) f(x) = xe™* 


5 


-1 


Decreasing: (—ee, 0), (2, œ) 
Increasing: (0, 2) 
Relative maximum: (2, 4e?) 


Relative minimum: (0, 0) 


(b) g(x) = x2?-* 


6 


-2 


Decreasing: (1.44, о) 
Increasing: (—ee, 1.44) 


Relative maximum: (1.44, 4.25) 


229 


73. The functions (c) h(x) = 3' and (d) k(x) = 27 аге 


exponential. 


75. f(x) = x, g(x) = x 


(а) slew) = Лх) = x 
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230 Chapter 5 Exponential and Logarithmic Functions 


T. f(x) = 5 eyes 81. f(x) =|x + 2] 


domain of f:x 2 —2, range of f: y 2 0 


1 1 x 
(а) f(s(x) (2 а с=ш f(x) =|x +2| 
y=|x+2| 
g(f(x)) = & isis es й 
х 1 х=у+2 
х-2 = 
(b) у á 
34 So, f(x) = x - 2. 
‘| domain of f^:x 2 0, range of f: y => -2 
+ + x 5 
83. f(x) = (x + 6) 
T domain of f: x 2 —6,range of f: y = 0 
f(x) = (x + 6) 
= 2 
du 104 2225 Bus y = (x 6) 
+1 x= 2 5 
x = (y + 6) 
1-х 
+1 B 
o soi - (i2) 23) feres 
x-2 cnm Jx-62y 
y= 
So, f(x) = Vx — 6 
— 20 - x) + (x - 2) of) 

(1 — x) + (x - 2) domain of f: x 2 0, range of f: y 2 -6 
_2-2x+x-2 : 
Шека; 85. f(x) = -2x? + 5 
2222-8566 domain of /:х 2 0, range of /: у € 5 

-1 

x)-2-2x!5 
E i == 

2x +1 x +1 = -2x° +5 

g(s) (==) CI x2-2y)45 
х +1 x-52-2y! 
_ (х+1)-(2х +1) ЭРЭЭС, 

2 1-2 1 
(2x + 1) – 2(x + 1) Үү 
| Oxt*l-2x-1 2 = у 
2х +1- 2х - 2 5-х Ji 
-Х . — = 

(b) 1 хэвээ. 
! 2 
T le 
-2(x — 5 
во, ут) = YE) 


: domain of /7 (x): x € 5, range of / (x): y 2 0 
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87. f(x) =|x - 4|+ 1 


domain of f: x 2 4, rangeof f: у 2 1 


f(x) =|х - 4|+1 
y2x-3 
хэу-3 

х+3 = у 


So, f'(x) = x +3. 


domain of f~': x > 1, range of f: у > 4 
Section 5.2 Logarithmic Functions and Their Graphs 


1. logarithmic 25. logs 8 = 1 because 8! = 8 


3. natural; e 
27. log, л” = 2 because л? = л? 


5. (a) log, а" = x log, a = x 
29. log;(x + 1) = log; 6 


(b) blog, y? = y? x+1=6 


7. log, 16 = 2 > 4? = 16 
31. log11 = log(x? + 7) 


I -2 _ 1 
9. log ът = -2 > 9 =a ll=x +7 
224 
11. 55 = 125 > log, 125 = 3 Ч 
x mcE2 
3 _ 1 1 _ 
13. 4 —oudeggu--3 33. 
t -2 |-1|0|1|2 
15. f(x) = log; x f(t) = 7 i 1 11749 
f (64) = log, 64 = 6 because 2° = 64 
t 3 15 [17 |49 
17. f(x) = lo 
=н: g(t) 21g: |-2 | -1]0|1]2 


f(10) = log 10 = 1 because 10' = 10 


19. g(x) = log, x 
в) = tog, VB = tog, BY = 


t3[— 


21. f(x) = log x 
f(12.5) = log 12.5 = 1.097 


23. f(x) = log x 
Д = mid) - а 
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35. 43. y = log; x +1 
Domain: (0, =) 


x-intercept: 


: 1 1 logg3x +1=0 
зе | € 1116 | 36 
2 8 log; x = -1 
g(t) = 10861 | -2 | -1 } 0] 1 |2 шиш. 
y i =x 


The x-intercept is (2, 0) 


Vertical asymptote: x = 0 


a(t) y = log; x +1 
+}! logsx2y-123"!z2x 
E |4[0|3 9 
37. f(x) = log; x + 2 у|-110111213 


Asymptote: x — 0 

Point on graph: (1, 2) 

Matches graph (a). 

The graph of f(x) is obtained from g(x) by shifting the — 
graph two units upward. 


39. f(x) = log;(1 — x) = logs[-(x - 1)] 
Asymptote: x = 1 45. f(x) = -Ююв (х + 2) 
Point on graph: (0, 0) Domain x 432»02 x »—2 


Matches grapi (b). The domain is (—2, оо) 


The graph of f(x) is obtained by reflecting the graph 
А d 2 . x-intercept: 
of g(x) in the y-axis and shifting the graph one unit to 
. 0 = —log,(x + 2) 
the right. 
0 = log,(x + 2) 
4l. f(x) = log, x 1 60-542 
Domain: (0, со) " l=x+2 
-1 = х 


x-intercept: (1, 0) 


) * The x-intercept is (—1, 0). 
Vertical asymptote: x = 0 
Vertical asymptote: x + 2 = 0 > x = -2 


y = —log,(x + 2) 


у = logx => 47 =x 


1 
А аа -y = log,(x + 2) 
f(x) -1 0 1 1 67 20 E. =x 
x 4 |-1| -12 | -1% 
fœ |-1|0 [1 2 
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4T. 


49. 


51. 


53. 


55. 


57. 


59. 


61. 


63. 


65. 


= lo B 
32 8 7 


Domain: = > 0 > x > 0 


The domain is (0, ee). 
. X y 
x-intercept: 28 -0 1 
7 6T 
Х 2100 “47 
7 24 
SX м] 


7 
х= 7 
Тһе x-intercept is (7, 0). 


Vertical asymptote: 5 -0-х-0 


The vertical asymptote is the y-axis. 


х11 2 3 4 5 
у |-0.85 | -0.54 | -0.37 1-0.24 | -0.15 
x16 7|8 
y | —0.069 | 0 | 0.06 

1 _ 0.693... _ 1 
In > = —0.693... > e = 
In 250 = 5.521... > е2" = 250 
е? = 7.3890... > In 7.3890... = 2 
-4х _ 1 1 _ 
е = 5 5 In o —4x 
f(x) 2 8Inx 


f(18) = 81n (18) = 23.123 


g(x) = 8Inx 


g(V5) = 81 4/5 = 6.438 


е?“ = 4 


2.5101 = 2.5(0) = 0 


In e"* = Ine! =1 


Section 5.2 Logarithmic Functions and Their Graphs 


67. 


69. 


f(x) = In(x - 4) 
Domain: x-4>0>5x>4 
The domain is (4, =). 
x-intercept: 0 = In(x 25 4) 

e =x-4 

52x 
The x-intercept is (5, 0). 


Vertical asymptote: x – 4 = 0 = х = 4 


х 4.5 516 7 


-0.69 | 0 | 0.69 | 1.10 


g(x) = In(-x) 
Domain: -x >0 > x < 0 
The domain is (—s, 0). 
x-intercept: 
0 = In(-x) 
e = -x 
-l = х 
The x-intercept is (—1, 0). 


Vertical asymptote: -x = 0 x = 0 


x 0.5 1 2 3 


-0.69 | 0 0.69 | 1.10 


g(x) 


233 
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71. 


73. 


75. 


77. 


79. 


f(x) = In(x - 1) 
3 
0 9 
-3 
In(x + 4) = In12 
x+4=12 
х= 8 
In(x? — x) = In 6 
x!-x26 
x!-x-620 
(x — 3)(x + 2) = 0 
х= -20гх = 3 
ILLE] 
x — 750 


(a) When x = 897.72: = 16.708 nf rr) 
897.72 — 750 
= 30 years 
When x = 1659.24: 
t = 16.708 172552) 
1659.24 — 750 
= 10 years 


(b) If x = 897.72 for 30 years. Then the total amount 
paid is (897.72)(30)(12) = $323,179 and the total 
interest is 323,179 — 150,000 = $173,179. 

If x = 1659.24 for 10 years, then the total amount 
paid is (1659.24)(10)(12) = $199,109 and the total 
interest is 199,109 — 150,000 = $49,109. 


(c) The vertical asymptote is x = 750. The closer the 
payment is to $750 per month, the longer the length 
of the mortgage will be. Also, the monthly payment 
must be greater than $750.00. 


In 2 
t = — 
y 
(a) r | 0.005 | 0.010 | 0.015 | 0.020 | 0.025 | 0.030 
t | 138.6 | 603 46.2 34.7 27.7 23.1 
(b) 150 
0 0.04 


81. 


85. 


87. 


f(t) = 80 -171g(r4 ),0 51512 
(a) 100 


(b) f(0) = 80 – 171061 = 80.0 
(с) /(4) = 80 -17 log 5 = 68.1 
(d) /(10) = 80 — 17 log 11 = 623 


True. The graph of f(x) = In(—x) is a reflection of 


A(x) = e™ in the line y = —x. 


1 
f(x) = log, x contains the point E 2 Substitute 


these values in the equation for f'and solve for 5. 


1 
2 = 10 — 
Bb (a) 


The ordered pairs (1, 0), (2, 1), and (8, 3) model the 
logarithmic function y = log;x. 


So, y is a logarithmic function of x. 
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-2 
(b) Using the graph from part (a), g(x) = x"? is increasing at a greater rate than f(x) = In x as 
x approaches infinity. 


(c) 5 When п = 3, f(x) = In x is increasing at a greater rate than g(x) = x”. 


Whenn=4, f(x) = In x is increasing at a greater rate than g(x) = x^. 


When п = 5, f(x) = In x is increasing at a greater rate than g(x) = x^. 


As n increases, n = 2, 3, 4, ..., the rate at which y = x” increases decrease. 
91. (х!у?\(х%у?) ma yt Sg weg x! – 6x? – 36x — 36 
97. x - 6) —х* + 180x 
m?n? 3 
93. CU mn? = ,nF#0 -x* + бх? 
mn n 
—6x? + 180x 
5x+ 3 —6х? + 36x? 
== 2 чих = 
95. x 4)5x 17x – 12 se ac 805 
2 _ 
Sq — 20x -36х2 216x 
Зх — 12 шинж 
-36х 
3x - 12 
EM —36х + 216 
0 ae 
— 216 
2 үс" = 
Stared * + 180 216 
a NE veg SE аб 236 
x—6 x-6 


99. f(x) = x - à g(x) = 4х+1 
(а) flex) = f(4x 41) = (4x 41) -32 4x - 2 
(b gO) = gœ - 3) = 4x -3) +1 = 4x – 12 +1 = 4x - M 
(с) g(g(x)) 


g(4x + 1) = 4(4х +1) +1 = 16x +4 +1 = 16х + 5 
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Section 5.3 Properties of Logarithms 


1. change-of-base ids 10205 105 _ 0.606 
. л . е к=? . 
3. Using the change-of-base formula: log x Ing 
log; 24 = " = 13. log; 35 = log; (5 - 7) 
n 
= log; 5 + log; 7 
log 16 
5. log; 16 = 
ee log 5 15. log; (5) = log, 7 — log, 25 
In 16 = Е 2 
(b) log; 16 = log; 7 — log; 5 
In 5 = log; 7 — 2 log; 5 
log(3/10 21) _ 
7. (a) log, = = 8010) 17. log; (21) = log; 21 — log; 5 
og x 
К = log; (3 - 7) - log; 5 
In(3/10 
(b) log, = - Ч | = log; 3 + log; 7 — log; 5 
х = 1 + log; 7 — log; 5 
боо BRE SEU S 19. log, 9 = 2log; 3 = 2 
log 3 In 3 
ya A 
21. log; ji = log; (4) = 1108; (i) = L logs 6! = 4(-1) = -1 
23. log,(—2) is undefined. —2 is not in the domain of 27. ne? + Ње = 2+5 = 7 
log, x. 
zs 29. log, 75 — log; 3 = log; = 
25. In Ye = In e^ = log; 25 
= 3 Ine = logs 5° 
: = 2 log; 5 
= 401) xy 
-2 
~ 4 


31. log, 8 = log, (4-2) = log, 4 + log, 2 = log, 4 + log, 4^ =1+4=3 


l 
2 
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33. log, 10 = log, 2.5 39. log, (2b) = -2 log, 2b 
- log, 2 * log, 5 = —2(log, 2 + log, b) 
= 0.3562 + 0.8271 = —2(0.3562 + 1) 
= 1.1833 | 


—2.7124 


35. log, 0.04 = log, + = log, d 
Si Š» 100 Б» 25 41. In7x 2 In 7 + In x 


= log, 1 – log, 25 


= log, 1 - log, 5? 43. log, x^ = 4 logs x 

= 0 – 2 log, 5 
5 

= —2(0.8271) 45. log;— = log; 5 – log; x 
x 

= —].6542 = 1 — logs x 


37. log, 45 = log, 9.5 


47. In Vz = In z”? -ilnz 
= log, 9 + log, 5 


= log, 3° + log, 5 49. In xyz? = Inx + In y + In z? 
= 2log, 3 + log, 5 

= 2(0.5646) + 0.8271 
= 1.9563 51. In z(z — 1)? 


ll 


Inx+Iny+2Inz 


Inz + In(z – 1)? 
Inz+2n(z-1,z>1 


ll 


Ш 
— 
o 

09 
N 
~ 
a 
N 
| 
£ 
= 
| 

— 
o 

09 
N 
-4 


Ш 
| 
= 
o 
[us] 
N 
— 
Q 
to 
| 
BS 
= 
| 
юэ 
o 
[us] 
N 
-4 


+ log, [(a - 2)(а + 2)] - log, 7 
Хов» (a — 2) + log;(a + 2)] — log, 7 


5 log, (a - 2) + + log, (a + 2) - log, 7 


1 х? = 1 2 2,3 59. in х2 [7 = In x? +, [2 
55. log; z= | = logs x^ — logs y'z nx = Inx n 
уг? 2 2 
1 
= log; x? — (logs y? + log; 2) = In x? 21 
= 2 log; x - 2 log; y — 3 log; z dea tci 
1/2 1 2 
57. In а -i(5) =2Inx+—Iny-—Inz 
y y? y 2 
1 
= —(In 2-1 3 $T EM 3/.2 
A 2 ») 61. In 2f»? (x +3) = imn xx + 3) 
1 e А 
= 5018 x -31n y) Hin x54 In(x? 3) 
ЕРИ Т = за x + n(x? 3) 
5 -3шх41Ш(37 3) 
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63. 


65. 


67. 


73. 


75. 


77. 


79. 


Chapter 5 Exponential and Logarithmic Functions 


In 3 + In x = In(3x) 


3 log;(z - 2) = log;(z - Er 


log, 5x — 4 log, x 


lo Е 
83 x 
5 

lo = 

83 ) 


log, 5x — log; xf 


69. log x + 2log(x + 1) = 


71. log x - 2 logy + 3 log z 


x 
In x — | In(x + 1) + In(x — 1)| = In x — In(x + l(x — 1) = In 
[щх + 1) + in(x = 1) (БРЕД a ere m 
р In(x + 3) + nx In(x? 1) - (х +3) + ах - In(x? - | 
2 21 
1 2 
= In| x(x + 3) | In(x? i) 
Чар + 3)°] - n(x? = 1) 
+3) 
= 1 In x(x ) 
2 x!-1 
| x(x + 3) 
= 1 In it ) 
2 x?-1 
3 
= е ) 
x^-1 
x 1 2 3 4 5 6 
y 2.500 | 2.102 | 1.900 | 1.768 | 1.672 | 1.597 
lnx | 0 0.693 | 1.099 | 1.386 | 1.609 | 1.792 
In y 0.916 | 0.743 | 0.642 | 0.570 | 0.514 | 0.468 
Iny 
4 
20-- 
154 
he. 
+ > 10 х 
05 10 15 20 
The slope of the line is d So, In y = -1 In x + In 3. 
Weight, х 25 35 50 75 500 1000 
Galloping Speed, y | 191.5 | 182.7 | 173.8 | 164.2 | 125.9 | 1142 
In x 3.219 | 3.555 | 3.912 | 4.317 | 6.215 | 6.908 
In y 5.255 | 5.208 | 5.158 | 5.101 | 4.835 | 4.738 


In y = -0.14 In x + 5.7 


log x + log(x + 1 
- log| x(x + i] 


log x — log у> + log 2? 
log% + log z 
y 


xz? 
log— 
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(b) T -21 = 54.4(0.964)' 


Т = 54.4(0.964)' + 21 


See graph in (a). 
(c) | 
t (in minutes) | T (^C) | Т-21(°С) | In(T - 21) | 1/(T - 21) 
0 78 57 4.043 0.0175 
5 66 45 3.807 0.0222 0 30 
0 
10 31.5 36.5 3.597 0.0274 
15 51.2 30.2 3.408 0.0331 Se ee 
T 2997399 494 
20 46.3 25.3 3.231 0.0395 . a : . 
This graph is identical to T in (b). 
25 42.5 21.5 3.068 0.0465 
30 39.6 18.6 2.923 0.0538 


(d) = 0.0012: + 0.016 
T-21 
= 21 + 21 
0.001; + 0.016 
e 
e LJ 
e , 
30 

83. f(x) = lnx 91. y; =Inx— ln(x- 3) 

False, f(0) # 0 because 0 is not in the domain 

of f(x). 

f(l) 2111-20 
85. False. The graphing utility does not show the functions with the 


x same domain. The domain of y, = In x — ln(x — 3) is 
f(x) - f(2) =Inx-In2= irs + In(x — 2) 


(3, œ) and the domain of y, = In 2 3 is 
TS 
87. False. (=, 0) U (3, ©). 
f(u)22f(vy) => Inu = 2 
Inv Inu = Шу >u = v? 93. log; 22 = log, 32 — log; 4 + 298222 
4 log, 4 


89. The power property cannot be used because In e is raised The second and third expressions are equal by 


to the second power, not just e. Property 2. 


A correct statement is (In e) = (1)? = 1 
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97. f = 
os fay = ie, ve logx _ ах f(x) = logy4 x 
1082 №2 _ орх _ lnx 
3 108(1/4)  In(1/4) ^ 
-3 6 зе 


-3 


99, In2 = 0.6931, In 3 = 1.0986, In5 = 1.6094 


nl =0 

In2 = 0.6931 

In3 = 1.0986 

ln 4 = In(2 : 2) = ]n 2 + In 2 = 0.6931 + 0.6931 = 1.3862 
In 5 = 1.6094 

ln 6 = In(2 . 3) = ]n 2 + In 3 = 0.6931 + 1.0986 = 1.7917 
In8 = 1n 2? = 31n 2 = 3(0.6031) = 2.0793 

In 9 = In3? = 21n3 = 2(1.0986) = 2.1972 


In 10 = In(5 - 2) = In 5 + In 2 = 1.6094 + 0.6931 = 2.3025 
In 12 = In(2? - 3) = In 2? + In3 = 21n2 + In 3 = 2(0.6931) + 1.0986 = 2.4848 


In 15 = In(5- 3) = In 5 + In3 = 1.6094 + 1.0986 = 2.7080 
In 16 = In2* = 41n 2 = 4(0.6931) = 2.7724 
In 18 = In(3? - 2) = In3? + In2 = 21n3 + In 2 = 2(1.0986) + 0.6931 = 2.8903 


In 20 = (5 - 22) = In5 + In 2? = In5 +22 = 1.6094 + 2(0.6931) = 2.9956 


101. x(x + 5) = 24 109. x? – 5х = 0 
х? + 5х – 24 = 0 x(x — 5) = 0 
(x + 8)(x – 3) = 0 х =0,5 
x = -8,3 
111. x? = Зх + 4 
103. х – 44/х +3 = 0 xX- 35-4 = 0 
(Vx - 3)(Vx -1) = 0 (x — 4)(x + 1) = 0 
Ух =3>%x=9 FOE 
Мх-1-х-1 113. х2 +8x+16=0 
Solutions: х = 1, 9 (х + 4) = 0 
105. 5° = 625 poe 
5* = 5° ! 
ony 115. (a) с» 5-1 
107. е5 = е? ы, 
2=2 
x+5= E Yes, the point is on the graph. 
Xem 


9 


(5) (5,0) 0 = 5-5 
0=0 


Yes, the point is on the graph. 
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? ? 
117. (a) (2,3: 3 = |2- 1| «2 119. (а) (4,10: 10 = 4? +2 
2 ? 
32142 10 = 8+2 
3-3 10 = 10 


Yes, the point is on th h. : 
шдэ LM Yes, the point is on the graph. 


? 


(b) (-L 0) 0 = |-1- 1| +2 (b) (-4 -6): -6 = (-4)^ +2 = (4)? 
0 d 242 is undefined. 
024 No, the point is not on the graph. 


No, the point is not on the graph. 


Section 5.4 Exponential and Logarithmic Equations 


1. (а) x = 11. nx -1n220 
(b х= у In x = In2 
© x dia 
d 
(x 13. e =2 

3. To solve 5* = 125, rewrite 125 as 5°. Ine* = In2 
Then by the One-to-One Property, x = 3. C cna 

x = 0.693 

5. 4977 = 64 
d A 15. Inx = -1 
a) x= 

lnx _ 5-1 

490-7 = 43 = L x 64 ES 

-— НТ х= е"! 

No, x = 2 is nota solution. x = 0.368 
rei 

(b) цан (1084 64 + 7) 17. log; x = 3 
4201/21084 64-7))-7 = 64 4 Ювц — 43 
401984 64+7)-7 _ 64 x24 
40*7-7 = 64 x = 64 


diis 19, fi) = ets) 


Yes, x = H(log, 64 + 7) is a solution. 


2* = 8 
Р, И 3 
7. log;(x + 3) = 10 moe 
Xm 


(а) x = 1021 
log;(1021 + 3) = log,(1024) 


Point of intersection: 
(3.8) 
Because 2!° = 1024, x = 1021 is a solution. 


(b x 2100-3297 


108:(97 + 3) = log,(100) da 
0=x -x-2 
Because 2!° + 100,10? — 3 is not a solution. @ = (х + 1)(x = 2) 
9. 4° = 16 хишгээ 
4-4 
х= 2 
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23. 4(3)- 20 35. (2*7) -7 29 
3* 25 6(2571) = 16 
log; 3° = log, 5 ji 8 
logg5 115 3 
x = log; 5 = or 
log3  1n3 12:55 a B 
og;2^" = logs} = 
x ~ 1.465 ? 23 
8| log(8/3)  1n(8/3) 
PR m 3x —1 = lo = or 
25. e% —8 = 31 «(s log 2 15 
е* = 39 
_ 1| log(8/3) 
In e* = In39 x= DEM ; +1) = 0.805 
x = In 39 = 3.664 
37. 4256 
27. 32-х = 400 : 
In 4* = In 5* 
In 32-* = In 400 Г 1 
In4 = x? In 5 
(2 — x) In 3 = In 400 , ge ee oe 
25 - х4 = 0 
2123-х 3 = In 400 x m 
-xIn3 = In 400 - 21n 3 x(xIn5—In4) = 0 
х3 = 21n3 - In 400 х= 0 
x = 21n3 - In 400 shs- а уа 4.2 
In 3 In 5 
In 400 
x=2- n3 = —3.454 39, e"-4eé – 5 = 0 
(e + 1)(е" – 5) = 0 
29. 8(10%) = 12 
103 = 12 е = 1 о е = 5 
Е (No solution) x In 5 = 1.609 
da s 3 
log 10° = log(3) 
1 
210683 41 -5 
3x = log(3) T 
x= г log(3) { = 51 " е) 
х = 0.059 1 : 
—=l-e 
5 
31. e™ S12 1 
--1--е” 
3x = In 12 5 
4 X 
x= B4. 0828 ae ae 
3 5 
2-2 
33. 7-28 = 5 5 
—2e* = —2 шс = ne 
e=1 | 
x=Inl=0 lh- = х 
5 
x = —0223 
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45. 


47. 


49. 


51. 


53. 


Section 5.4 Exponential and Logarithmic Equations 


365 
365t 
wi + X = ln 4 
365 
3651 In S = In4 
365 
t= um = 21.330 
365 wi 42 } 
65 
In x = -3 


2.1 = In 6x 
e! = 6х 
gi 
али 
6 
1.361 = x 
3-4Inx =11 
-4 х =8 
ln x = -2 


6 log;(0.5x) = 11 
log;(0.5x) = П 


6 
31083(0.5х) m 311/6 
0.5х = 316 


x= 2(3'¥6) = 14.988 


х+5 = 
(х + 5)(x+1)=x-1 
xX +6x+5=x-l 
xX +5x+6=0 
(х + 2)(x + 3) = 0 


хэ-2 о x=-3 


Both of these solutions are extraneous, so the equation 
has no solution. 


55. 


57. 


59. 


61. 


log(3x + 4) = log(x — 10) 


3x +4=x-10 
2x = -14 


x= -7 


The negative value is extraneous. 


The equation has no solution. 


log, x — log,(x – 1) = 


lo 2 
8431 


дэв | 6-1) = 


f(x) = 5 – 212 


Algebraically: 

5* = 212 
In 5* = In 212 
xIn5 = In 212 
In 212 

x= 

In 5 
x = 3.328 


The zero is x = 3.328. 


g(x) = 8e — 1] 


Algebraically: 


8e? = 11 
e? = 1.375 
-25 = in 1.375 
3 
x = -151n 1.375 
x = 0.478 


The zero is x = —0.478. 


250 


243 
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63. y = 3 
y, = lnx 
From the graph, 5 
x = 20.086 when y = 3. 
Algebraically: 
3-Inx =0 55 € 
Inx =3 B 
x = е = 20.086 
65. y, = 2 In(x + 3) 
y) =3 
From the graph, x = 1.482 when y = 3. 
Algebraically: $ 
2 In(x + 3) 23 
In(x + 3) = 3 Е 
x+3 = е? m 
x = e – 3 = 1.482 
67. (a) r = 0.025 
A = Pe" 
5000 = 25006995! 
2 = 60025 
In 2 = 0.025t 
In 2 эт 
0.025 
| = 27.73 years 
(b) r = 0.025 
A = Pe" 
7500 = 25009995! 
3 = 005 
In 3 = 0.025t 
In 3 27 
0.025 
| = 43.94 years 


69. 2x7e* + 2xe** = 0 


(2x? + 2х)е?* = 0 


2x? + 


2x = 0 


2x(x +1) = 0 


x = 0, –1 


71. -xe* + e* 


because e? # 0 
( 


(because ех + 0) 


73. 


75. 


77. 


l+Inx _4 
2 

l+Inx =0 
Inx 2-1 

21 1 

хэс = – = 0.368 
e 
2xInx+x=0 


x(21nx + 1) =0 


(b) 


2Inx+1 


! 
о 
= 
[^ 
e 
8 
= 
[^2] 
о 
= 
У 
о 
2 


Percent of 
population 


55 60 65 70 75 


Height (in inches) 
From the graph you see horizontal asymptotes at 
y = 0 and y = 100. 
These represent the lower and upper percent 
bounds; the range falls between 0% and 100%. 


Males: 50 = эн 


] + e 03536-6951) 


-0.5536(x—69.51) 
e 

-0.5536(x—69.51) 
e 


—0.5536(x — 69.51) = In 1 
—0.5536(x — 69.51) 


1 
о 


69.51 


x 


The average height of an American male is 
69.51 inches. 


Females: 
100 
50 = 1 + e 0386-6449) 
| + eg 03589-6449) _ 2 
g 05894-6449) _ | 


-0.5834(x — 64.49) = In 1 
-0.5834(x — 64.49) = 0 
x = 6449 


The average height of an American female is 
64.49 inches. 
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79. N = 5.5 · 10923 
When N = 78: 


78 = 5.5 · 10%? 


| 


78 = 10023x 
5.5 
78 
logio — = 0.23x 
исе 
1 8/5.5 
gc logio (78/5.5) _ 5.008 years 


0.23 


The beaver population will reach 78 in about 5 years. 


81. P = 1611; + 236,9<t< 19 


Let P = 660. 
660 = 161 In t + 236 
424 = 161 Int 
424 
Inf = — 
161 


еа 


The population exceeded 660 thousand in 2013. 


83. A = Pe" 


(a) A = (2P)e" = 2( Pe”) This doubles your money. 


Ре?! = Pele” 


(b) A е"(Ре") 


(c) А = Pe’) = Pele! = е"(Ре") 


Doubling е interest rate yields the same result as 
doubling the number of years. 


If 2 > e" (ie,rt < In 2), then doubling your 


investment would yield the most money. If rt > In 2, 


then doubling either the interest rate or the number of 
years would yield more money. 


Section 5.5 Exponential апа Logarithmic Models 


85. 


87. 


89. 


91. 


93. 


log,(uv) = log,u + log,v 
True by Property 1 in Section 5.3. 
log,(u — v) = log,u — log,v 


False. 
1.95 = log(100 — 10) 
+ log 100 — log 10 = 1 


245 


Yes, a logarithmic equation can have more than one 


extraneous solution. See Exercise 57. 


Vertical asymptote: x = 2 


Horizontal asymptote: y = 1 


Qe?) = 4" 
4e 5$ = 4 
In 4e° = In 4* 


ln 4 + Ine™ = xln 4 
222-6 = 2xIn2 


222-6 

y=. == == 
21n2 

х= 02-3 _ 338 
In 2 


(4) = k?(8 + In3) 


16k* = k?(8 + In 3) 
16k? = 8 + In3 
gt 8 + In3 
16 


+./8 + In3 
k= 7 k=0 


^ 


Section 5.5 Exponential and Logarithmic Models 


1. y=a+blnx, y =a + blogx 


3. An exponential growth model increases over time. 


An exponential decay model decreases over time. 


5. (а) A= Ре" 
А 


rt 


(b) А = Ре" 
os 
P 
In A = In e” 
P 
In 4 = rt 
P 
In( 4/ P) 


~ 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


246 Chapter 5 Exponential and Logarithmic Functions 


7. Because A = 1000е0989, the time to double is given (b n = 12 
by 2000 = 1000е°95' and you have ас хат 3 
2 = ө0035 12 i 
12t 
In 2 = In e?99* n( 22) = 2 
In 2 = 0.0351 1 
12.1 
In 2 121 n( 2) = 2 
t= = 19.8 years. 
0.035 5 12 
Amount after 10 years: A = 1000е°3 = $1419.07 12t = er. 
MEE Б | ш(124/12) 
9. Because А = 750e" and A = 1500 when / = 7.75, yi In 2 = 6.96 years 
you have 12 In(12.1/12) 
1500 = 750е775” (c) n = 365 
2 = el? 3651 
+1} =2 
In 2 = In e 365 
In 2 2 7.75r 3651 
з n( 2) = n2 
= = = 0.089438 = 8.9438%. 
` 365г In| 261) = m2 
Amount after 10 years: 365 
А = 75092999810 < $1834 37 In 2 
3657 = ————— 
In(365.1/365) 
11. Because А = Pe?99' and А = 10,000.00 when ino 
А h t = 
AE c pd 365 In(365.1/365) 
0.045(10 
10,000.00 = Ред 900) = 6.93 years 
E = P = $6376.28. (d) Compounded continuously 
e 
. ME A = Pe" 
The time to double is given by 
In2 2000 = 100069: 
t = —— = 15.40 years. 
0.045 М 2 2 eM 
In 2 = In e^" 
13. P = 1000, 7 = 0.1, A = 2000 
0.1 = In 2 
nt 
7 
a= i+ Z) га 605 лан 
п 0.1 


nt 
2000 = oor + ч) 
п 


пі 
2 | + ёр 
п 


(a) n=1 
(1+ 0.1) 22 
(e 
In(L.1) = №2 
(11-12 
= cL = 7.27 years 
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15. (a) 3P = Pe" 
C r 294 49 6% 8% 10% 12% 
=e 
In3 
In3 = rf Ue eum (years) | 54.93 | 2747 18.31 13.73 | 10.99 | 9.16 
Р 
In 3 
— =t 
5 
(b) ЗР = Р(1 + ғ) 
TETES r 296 4% 6% 8% 10% 12% 
=(lt+r 


азн) “Эн? 5548 | 28.01 | 18.85 | 14.27 |1153 | 9.69 


ш 3 Е 
In (14 7r) 
. у = AMTeU7 (t = 1 вэ April) 23. a = 10, y 30) 5.1 = 1599 
Month | April | May | June July August m 
Hits 5611 | 7402 | 9978 13,454 | 18,105 у= ае 
Model | 5564 | 7466 | 10,018 | 13,442 | 18,036 5 = 10e 1599) 
The values given by the model are close to the original 0.5 = ge 599^ 
data values. 
улиг In 0.5 = In e 59% 
Let y = 50,000. 
ee In 0.5 = —1599Ь 
294: _ 
4147e = 50,000 m dnos 
ee = 12.0569 1599 
0.294t = In 12.0569 Given an initial quantity of 10 grams, after 1000 years, 
125 шагшин 8.5 (November) you haye 


0.294 y= 10e L (In 0.5)/1599 (1000) = 648 grams. 
The website will receive over 50,000 hits in November. 


25. y = 22a = 22) = At = 5715 
уз ае?" 
2 —bt 
1 = ае = 12a PEE 
2- 4e P6715) 


10 = e^ 
In 10 = 3b reete 
In 0.5 = Ineo’? 
In 10 
PR ee In 0.5 = —5715b 
So, y = е0.7675х. = ln 0.5 
5715 
y = ae* Given 2 grams after 1000 years, the initial amount is 
B cs NUI CS $.=й 2- ae Ein 93/5715 1000) 
1 = 56909) а = 2.26 grams. 
І = et? 
5 


NACE 2 
Ш 
EN 
o 


In(1/5 
= b => b = -0.4024 
4 
So у = 5е704024х 
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27. (a) Bulgaria: (19, 7), (29, 6.5) Because b = 0.00115, 
h h 1389.6 
Let y = ae" So, 7 = ае! and 6.5 = ае?. а = MEDII = 1359.6. 
7 7 
gi c^ 6.5 = 219% е?» So, у = 1359.62? 5r. 
6.5 3 In 2039 (t = 39), y = 1359.6: 9509. ~ 1422.0 
Num кыгы 
7 million people. 
ln (=) лб United Kingdom: (19, 65.4), (29, 68.2) 
7 
1 65 Let y = ae" so, 65.4 = ае! and 68.2 = ae?^, 
lm |) E 
10 7 En =a 68.2 = 654.2 
— 0.00741 = b e 5 
Because b = —0.00741, 682 = glob 
7 65.4 
а = 590000) ^ 8.1. 68. 
gy In | —— = 10b 
So уз 8.1e 990741 65.4 
1 68.2 
= 2 -0.00741(39) .. "Mi eg [m re$ 
In 2039 (t = 39), y = 8.le 6.1 million 10 ES 
people. 0.00419 = b 
Canada: (19,37.4), (29, 40) Because b = 0.00419, 
Let y = ae" So, 37.4 = ае! and 40 = ae?^, 65.4 
а= —19(0.00419) z 60.4. 
374 374 О) 
= а 40 = е??? 
"E е!9% So, у = 60, 4е0:00419г 
Z = е!% In 2039 (t = 39), у = 60.4e°°™O) < 71.1 
40 : million people. 
In | —— | = 10b : 
37.4 United States: (19, 330.3), (29, 353) 
Tn | 40 | =b Lety = ae" so, 330.3 = ае! and 353 = ae”. 
LIE ui 330.3 330.3 э 
0.00672 = b spe ОЕМ дор 
Because b = 0.00672, 353 y 
КС КА 3303 — 
~ 49(000672) — 32.9. 
° 1 ERI е 10Ь 
So, y = 32.9е°007!!. n (3303) — 
In 2039, (t = 39), y = 32.99 *799. ~ 42.8 million ky | 353 | z 
people 10 3303) . 
China: (19, 1389.6), (29, 1405.7) 0.00665 = b 
Because b = 0.00665, 
Let y = ae" So, 1389.6 = ae'” and 
_ 3303 
1405.7 = ае”. а = coss ^ 291.1. 
ые “ээг AQ = 1389.62, So, у = 291.1e99665r. 
е d m 2 0.00665(39) 
1405.7 oy In 2039 (t = 39), у = 291.1e 
1389.6 — i = 377.3 million people. 
1405.7 
In 1389.6 = (b) In the model у = ae”, the constant P gives the 
1 1405.7 growth rate. The greater the growth rate, the greater 
— |n —|=b the value of b. 
10 1389.6 
0.00115 = b 
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29. y = ae” _ 28x53 
У 33. R = ig / 
When t = 3, y = 100: When ź = 5, у = 400: 
100 = ае? 400 = ae” pee 
814 
100 
e? = 1 „-юз = d. 
102 814 
: 100 : : : 12 
Substitute —- for a in the equation on the right. -8223 _ 10 
e 5 = гаас 
400 = 100% а я рО 
M 8223 8^ 
400 = 100e?” 102 
4 = e”? t = -8223 1 (Fr = 12,180 years old 
In 4 = 2b 
In 2? = 2b 35. y = 0.0266 0-1 40 70 < х « 116 
2102 = 2b 0.04 
12-52 
100 100 100 100 100 
0 ie = зш? NT Ета 12.5 
y = 12.5e 2Y 


The average IQ score of an adult student is 100. 
After 6 hours, there are y — 12.5е'"?® = 800 bacteria. 


31. (0, 575), (2, 275) 


(a) m _ 275 - 575 = —150 
2-0 
V = —150t + 575 


(b) Since V = 575, when 
t = 0,575 = ae —› a = 575 


Then 275 = 575e? 


in 2) = 2k > k = —0.3688 
575 


Va 57 5g-03688t 


600 


0 5 
0 


The exponential model depreciates faster in the first 
two years. 


Ф|, 1 3 


V = -150t + 575 | $425 $125 


V = 575g 09688 $397.65 | $190.18 


(e) Answers will vary. Sample Answer: The slope of 
the linear model means that the laptop depreciates 
$150 per year, then loses all value late in the third 
year. The exponential model depreciates faster in 
the first three years but maintains value longer. 
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336,011 1000 
37. y= L3 2935 926 (t = 5 © 1985) 39. p(t) = Toe 
= : 1000 : 
(a) 1998 (t = 18): (a) р(5) = —— uus = 203 animals 
336,011 1 + 9e?!) 
уз 14 2939 318) = 64,770 sites 1000 
(b) 500 = T3 9g 9.1656: 
2008 (t 2 28): 
( ) 1+ 9е70-1656 = 2 
23360110 
эвт Тү 293002308) = 290,797 sites 9070-16561 — 1 
2015 (t = 35): g 166 — 1 
9 
336,011 
2L = 312,340 sites In(1/9 
1 + 293e 93665 t=- aU 13 months 
0.1656 
(b) 350,000 
(c) 1200 
0 40 
0 0 40 


(c) From the graph, the number of cell sites reached А 


240,000 in 2007. 
(d) Let y — 240,000. 


The horizontal asymptotes are p = 0 and 
p = 1000. 


The asymptote with the larger p-value, p — 1000, 


336,011 
240,000 = 14 2930-0236” indicates that the population size will approach 1000 
436.01 x as time increases. 
1+ 2936 777 = 540,000 I 
, 41. В = 10 log — where J, = 107? watt/m?. 
1 + 29370236 „ 1.40 10 
293е79236 = 0.40 10:19 
E (а) f = 101og——— = 101og 10? = 20 decibels 
g 0236 — 0.40 1 
293 10? 
0.40 (b) В = 10 log — = 10 log 10’ = 70 decibels 
-0.236t = In | = 10 
293 1073 
(c) B = 10 log —— = 101og 10^ = 40 decibels 
muri pi a ras 1077 
0.236 293 163 
The number of cell sites reached 240,000 in 2007. (d) B = 101og 199 ^ 10 log 10° = 90 decibels 
I 
43. В = 10 log — 
Io 
[E 
10 7 
104/10 10! 1/10 
104/10 4 
1, 
I = 110870 
14109? — 110% 
% decrease = —°—————°—— x 100 = 95% 
110° 
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45. R= log Ż = log J because J) = 1. 49. 
0 
R 
7.6 
107° 
39,810,717 
R = 5.6 
5.6 = log I 
1056 x 101524 
105% = J 
398,107 = I 
R = 6.6 
6.6 = log J 
1066 = 101924 
3,981,072 = I 


= 7.6 
log J 
= 10! / 
І 


(а) 


u 


(b) 
51. 


(c) 


47. pH = -log|H* | 


-log(2.3 x 107) = 4.64 


53. 


55. t, = 40.757 + 0.556s — 15.817 In s 
tj = 1.2259 + 0.002352 
(a) Linear model: t, = 0.2729s — 6.0143 


Exponential model: t4 = 1.53856002915 or t, = 1.5385(1.0296)' 


25 


Exponential and Logarithmic Models 251 
5.8 = —log| H* | 
-5.8 = log] H* | 


toss = 109] 
1075 = [н' | 


[н' | = 1.58 x 1079 moles per liter 


2.9 = Јон] 

-2.9 = log|H* | 

[H*] = 107? for the apple juice 
8.0 = —log| H* | 

-8.0 = log] H* | 

| “| = 107 for the drinking water 


107? 
105 
drinking water 


= 105! times the hydrogen ion concentration of 


вэ гэг 
98.6 — 70 

At 9:00 A.M. you have: 

t = —101п Bo RUM = 6 hours 
98.6 — 70 


From this you can conclude that the person died at 
3:00 A.M. 


(b) 


5 30 | 40 | 50 | 60 70 80 90 

t, | 3.6 | 4.6 | 6.7 | 9.4 12.5 | 15.9 | 19.6 
t | 3.3 | 4.9 | 7.0 | 9.5 12.5 | 15.9 | 19.9 
t, | 2.2 | 4.9 | 7.6 | 10.4 | 13.1 | 158 | 18.5 
4 | 3.7 | 4.9 | 6.6 | 8.8 11.8 | 15.8 | 212 


Note: Table values will vary slightly depending on 
the model used for t4. 


(с) Модел: S, 2|34 - 3.6|+|5 - 4.6|+|7 - 6.7|+|9.3 - 9.4|  |12 — 12.5| - 15.8 — 15.9| - |20 — 19.6] = 2.0 
Model 5: 5, =|3.4 - 3.3|+|5 - 4.9|+|7 - 7| |9.3 - 9.5| «12 — 12.5| - |15.8 — 15.9| +|20 - 19.9| = 1.1 
Model 3: 5; =|3.4 - 2.2|+|5 – 4.9|+|7 - 7.6|+|9.3 – 10.4|+|12 – 13.1| [15.8 – 15.8|+|20 — 18.5] = 5.6 
Model t4: S4 =|3.4 - 3.7|+|5 - 49|«|7 - 6.6] +]9.3 - 8.8|+|12 — 11.8]+]15.8 — 15.8]+|20 - 212| = 2.7 


The quadratic model, /,, best fits the data. 
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57. False. The domain can be the set of real numbers for a x 3 x(x + 1) + 3(x - 3) 
logistic growth function. 65. x-3 m x41 = (x = 3)(x +1) 

59. True. The graph of a Gaussian model will never have a _ x!'-x-3x-9 
Zero. (x - 3)(x + 1) 

61. A Gaussian model will have the maximum value occur at OPE '+4х-9 
the average value of the independent variable. (x — 3)(x +1) 


63. An exponential growth model will have a graph which 


ii . x!-x х-1_ х(х+1)(х-1) 
shows a steadily increasing rate of growth. 67. А = 


2х х +1 2x(x + 1) 


gc un Gel 
2 


69. Whenx « 0 andy < 0, the point (x, y) is located in Quadrant Ш. 


71. Whenx + y = 0(y = -х < 0) andx — 5 > 0 (x > 5), the point (x, у) is located in Quadrant IV. 


73. h(x) = - 2 TI. f(x) 21 228 
3 
. Domain: All real numbers x 
А 
14 1 1 
79. - = 
p H9 ice T S 


Domain: All real numbers x such that x z 0 and 
x #-3 


81. y 


The graph of / is a reflection in the x-axis and a vertical 
shrink of the graph of y = x?. 


75. 


The graph of g is a horizontal shrink and a vertical shift 
1 unit downward of the graph of y = х2. 
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Review Exercises for Chapter 5 


1. f(x) = 0.3" п. f(x) -() +3 = 2°43 


2 
2045 4 
f(..5) = 037 = 0.164 Horizontal asymptote: y = 3 


y 


з. f(x) = 2° | 
(2) = 25 = 1.587 T 


5. f(x) = 7(0.27) 
f(-/1) = 7(027 
~ 1456.529 | | = 


N 


7. f(x) =4*+4 


Horizontal asymptote: y = 4 


x -110 1 2 3 


f(x) | 8 | 5 | 4.25 | 4063 | 4.016 


N 

= 
1 

A 


-4 2 > 4 17. f(x) = 5*, g(x) = 5 +1 


9. f(x) =5 +4 Because g(x) = f(x) + 1, the graph of g can be 


: 1 ifti it 9 
Horizontal asymptote: y = 4 obtained by shifting the graph of fone unit upward. 


т _1 0 1 213 19. f(x) 23, g(x) 21- 3* 


f(x) | 4008 | 404 | 4215 |9 Because g(x) = 1 — f(x), the graph of g can be 


obtained by reflecting the graph of fin the x-axis and 
shifting the graph one unit upward. (Note: This is 
equivalent to shifting the graph of fone unit upward and 
then reflecting the graph in the x-axis.) 


21. f(x) = е" 
£(3.4) = &^ = 29.964 


24 
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25. h(x) = e? 27. f(x) es 
x -2 | -1 lol 1 2 x -3 |-2 | -1 0 1 
A(x) | 2.72 | 1.65 | 1 | 0.61 | 0.37 f(x) | 0.37 | 1 | 2.72 | 739 | 20.09 


eG 5-4-3 2 =1 | 1 2 


31. Р = $5000, r = 3%, = 10 years 


nt 10n 
0.03 
Compounded п times per year: A = A + а = sur + са 
п п 


Compounded continuously: 4 = Ре" = 5000910) 


n 1 2 4 12 365 Continuous 


A | $6719.58 | $6734.28 | $6741.74 | $6746.77 | $6749.21 | $6749.29 


33. 3 = 27 43. n(x +9) = In4 
10р; 27 = 3 x+9=4 
x= -5 
35. е%® = 22255... 
In 2.2255... = 0.8 45. g(x) = log; x > x = 7" 


Domain: (0, еө 
37. f(x) = log x mains (De) 


f (1000) = log 1000 
= log 10° = 3 Vertical asymptote: x = 0 


x-intercept: (1, 0) 


117 | 49 


-|— 


39. g(x) = log; x 
1 g(x) |-110111 2 


= log, 2” = -2 1 

47 

41. log,(x + 7) = log, 14 34 
x+7=14 2+ 


XST 
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47. f(x) = 4 – log(x + 5) 55. f(x) = ln(x — 6) 
Domain: (-5, e») Domain: (6, оо) 
Because In(x - 6) = 0 
4 – log(x + 5) = 0 = log(x + 5) = 4 X 6.5. 
x+5=10* x-6=1 
x = 10 – 5 х= 7 
= 9995. x-intercept: (7, 0) 
x-intercept: (9995, 0) Vertical asymptote: x — 6 
Vertical asymptote: x = —5 Р 6.5 7 8 9 10 
x 4 3 2 1 0 1 f (x) -0.693 10 | 0.693 | 1.099 | 1.386 
f(x) 4 | 3.70 | 3.52 | 3.40 | 3.30 | 3.22 y 
A 
р 8+ i 
64 i 
44 І 
; d NET ear 
! ЙГ 2 4 үз 10 12 14 16 
ES 
І -64 
| 44 
-6 1-4-3-2-1 D2 
i T d 
5. М = т - 5 215) 
49. f(22.6) = In 22.6 = 3.118 10 
Let m = 2.08 and M = 1.3 and solve for d. 
51. (е) = 1 Ve = 025 : 
13 = 208-5 Т 
53. f(x) =Inx+6=6+Inx 
d 
Domain: (0, e») 0.78 = -5 20) 
Inx+6=0 0156-1882 
In x = -6 10 
= e 100-156 = 191o2(4/10) 
x-intercept: (e, 0)s 109156 = d 
10 
Vertical asymptote: x = 0 1010956 = d 
x 1 1 1 2 3 d = 101156 = 14.32 parsecs 
f(x) | 4.613 | 5.037 | 6 | 6.693 | 7.098 Е 


log 6 
59. (a) log, 6 = 2È = 2.585 
log 2 


(b) logs 545277 ~ 2.585 
In 
log 5 
61. (a) logn 5 = = —2.322 
(a) Ey» log(1/2) 
+ x 
-4 In 5 
b) logy, 5 = = —2.322 
(b) 81/2 In(/2) 
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63. log, 5 = log, 5 — log; 3 81. 5* = 125 
525 
65. log, 2 = log, 9 – log, 5 у= 
= log, 32 — log, 9 "RE 
= 2 log, 3 – log; 5 ae ae о 
х= 3 = 1. 
2-2 2 
67. log 7x^ = log 7 + log x Ss Boca 
= log 7 + 2 log x is Se ud eos 
69. logs = = log; 9 — log, Vx 87. e” = Qe 
4x = х? +3 


ll 


log; 3? — log, x? 


ll 


1 
2 – — 108; x 
2 83 


71. In x2y?z = In x? + In y? + Inz 


-2lnx-2]lnn y * Inz 89. 27—3 = 29 
73. 1n 7 + In x = In(7x) ы» 
2* = 25 
1 = 1/2 x=5 
75. log x — 5 E = log x - log y 
91. In3x = 82 
x 
= 283 gh _ (82 
Jy 
3x = e? 
1 12 2 ee 
77. = logs x - 2 logs(y + 8) = logs x"? — logs(y + 8) x = = = 1213.650 
= log, Vx — logs(y + 8) 
Ух 
= dog, —7— 
(у + 8) 
79. t = 50 log ee 
18,000 — h 
(a) Domain: 0 < h < 18,000 
ът 
0 20,000 


0 
Vertical asymptote: Л = 18,000 


(c) As the plane approaches its absolute ceiling, it 
climbs at a slower rate, so the time required 
increases. 


18,000 


d) 50 log ——————_ 
@ "E 18,000 — 4000 


= 5.46 minutes 
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93. In x + In(x - 3) =1 


ш| x(x - 3)] = 1 


In(x? - 3x) =1 
22-3) Е á 
x!-3x-e-20 


2a 
2 
63) £qC3) - 4((—е) 
x 
2(1) 
З Мое це 
2 
льны 2% 
2 
х= LOLUE is extraneous since the domain of the In x term is x > 0. 
95. logs(x — 1) = logs(x — 2) — logs(x + 2) 101. 2 In(x + 3)-5 = 0 
logs(x — 1) = Е Е 2) Graph y, = 2 (х + 3) - 5. 
X ck й 
х-1- х-2 -8 12 
x+2 
(х= (х +2) = х- 2 
х? +х-2 = х- 2 -8 
х2 = 0 The x-intercept is at х = 9.182. 
х= 0 2 In(x + 3) = 5 
Because x = 0 is not in the domain of logg(x — 1) or In(x + 3) = 3 
of logs(x — 2), it is an extraneous solution. The x43 = е2 
equation has no solution. x = е2 —3 = 9.182 
97. log(1 - x) = -1 103. P = 8500, А = 3(8500) = 25,500, r = 1.5% 
1—х = 101 
: A = Ре" 
ENS 25,500 = 85006995 
x = 0.900 3 = 60015 
99. 25e°3* = 12 In 3 = 0.015 
Graph 25e 99" and 12 t m3 73.2 years 
ra = 25e°°* an = 12. = = 73. 
ph yi У 0.015 y 
16 
105. y = 3e 75 
Exponential decay model 
-6 18 Matches graph (e). 
-2 
The graphs intersect at x = 2.447. 106. y = 4e^? 


Exponential growth model 
Matches graph (b). 
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НЬ 2 
107. y = In(x + 3) 113. y = 0.0499e 70/78 40 < х < 100 


Logarithmic model 1,212 
5 Graph y, = 0.049де 7728, 


Vertical asymptote: x = —3 ae 


Graph includes (—2, 0) 


Matches graph (f). 

108. y = 7 — log(x + 3) 0 100 
Logarithmic model The average test score is 71. 
Vertical asymptote: x = —3 2 
Matches graph (d). 115. В = 10 283 

- хааг 2 = lo EX 
109. y = 2e 10 8 10-2 
Gaussian model I 
10210 = —_ 
Matches graph (a). 10:12 
1- 107/10-12 
110 T M 
“77 1.267 (a) В = 60 
Logistics growth model I = 1099-17 
Matches graph (c). = 10° watt/ m? 
b = 135 
111. y = ae" OE 
I= 10135/10-12 
Using the point (0, 2), you have 
= 10!> 
a= ae) 2 
= 104/10 watts/m 
2 = ae 
© 2-1 
2 = а(1) I = 100-12 
2=a 


1 
1010 х 107? 


1.259 х 10°? watt/m? 


Then, using the point (4, 3), you have 


u 


3 = 2679 

3 = 2е% 

3 _ 4b 

5 = е 

In > = 4b 

1 ai m 

її) => 

So, у= DEREN 
or 
y = 2e 10 


117. True. By the inverse properties, log, Р2* = 2x. 


119. y = log, x > а” = х, so, for example, if a = -2, 
there is no value of y for which (-2) = —4. If a = 1, 


then every power of a is equal to 1, so x could only be 1. 
So, log, x is defined only for 0 < a < 1 and a > 1. 
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11. 


y-a A 
Уулс 0.5" а= 0.5 
у = 1.2" 
уу = 2.0" 
Ya =x 
-4-3 -2-1 1234 


-1 T 
The curves y = 0.5* and y = 1.2* cross the line 
y = x. From checking the graphs it appears that 


y = x willcross y = а" for 0 < а < 1.44. 


4 . 
е? = ———————— Quadratic Formula 


Choosing the positive quantity for e” you have 


2 


у= а 


Answer (с). у = 61 = э) 


The graph passes through (0, 0) and neither (а) nor (b) 


pass through the origin. Also, the graph has y-axis 
symmetry and a horizontal asymptote at y — 6. 


Problem Solving for Chapter 5 259 


3. The exponential function, y = е", increases at a faster 


rate than the polynomial y = x". 


©) f(2x) = ад = (e). = [F] 


1 th 1 ї/К2 
13. = | – апа = с)|— 
Л (3 y2 (3) 


In c; = In e; 


(1/6) – (ИА) | 1001/2) 


t= 


15. (a) y, = 252,606(1.0310) 


(b) y, = 400.887? — 1464.6t + 291,782 


2,900,000 
(c) 


200,000 


(d) The exponential model is a better fit for the data, but 
neither would be reliable to predict the population of 
the United States in 2025. The exponential model 
approaches infinity rapidly. 
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17. (In x) 


ll 
- 
B 
з 


(In х) -21nx = 0 
In x(In x -2) = 0 
Inx =0O or nx =2 


x=1 or x=e 


19. y, = (x - 1) - Hx -1) + х - 1) - Hx - 1 
The pattern implies that 
In x = (x = 1) - Hx = 1) Hx - 1) - 1x - 1) +... 


2 


21. y = 804 — II In x 


30 


1500 


23. (a) 


(b) The data could best be modeled by a logarithmic 
model. 


(c) The shape of the curve looks much more 
logarithmic than linear or exponential. 
(d) y = 2.1518 + 2.7044 In x 


9 


0 9 
0 


(e) The model is a good fit to the actual data. 


(b) The data could best be modeled by a linear model. 

(c) The shape of the curve looks much more linear 
than exponential or logarithmic. 

(d) y = —0.7884x + 8.2566 


9 


0 9 
0 


(e) The model is a good fit to the actual data. 
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Practice Test for Chapter 5 
1. Solve for x: x^ = 8. 


2. Solve for x: 377! = 3b 


3. Graph f(x) = 2™. 
4. Graph g(x) = e* +1. 


5. If $5000 is invested at 9% interest, find the amount after three years if the interest is compounded 
(a) monthly. 
(b) quarterly. 


(c) continuously. 


4, 
49° 


6. Write the equation in logarithmic form: 7? = 
7. Solve for x: x — 4 = log; ae 
8. Given log, 2 = 0.3562 and log, 5 = 0.8271, evaluate log, 4/8/25. 


9. Write 5 In x — iln y + 6Inz as a single logarithm. 

10. Using your calculator and the change of base formula, evaluate logo 28. 
11. Use your calculator to solve for N: logio № = 0.6646 

12. Graph y - log, x. 

13. Determine the domain of f(x) = logs (x? - 9). 


14. Graph y - In(x - 2). 


15. True or false: Lr am In(x — y) 
In y 


16. Solve for x: 5* = 41 
17. Solve for x: x — x? = log; ES 
18. Solve for x: log, x + log;(x - 3) = 2 


19. Solve for x: — =4 


20. Six thousand dollars is deposited into a fund at an annual interest rate of 13%. Find the time required for the investment to 
double if the interest is compounded continuously. 
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CHAPTER 6 
Systems of Equations and Inequalities 


Section 6.1 Linear and Nonlinear Systems of Equations 
1. system, equations (c) ( -1) 
2 
3. substitution 8(2) -1-9 


5. break-even point 


7. AE 4 (d) EM 
8x + у= -9 
(а) (0, -4) 2-2) +5 2 4 
8(0) - 4 = -9 -1+5 = 4 
(0, —4) is not a solution. 8-1) -5 2 -9 
(b) (3, -1) -4-5 = -9 
2(3) - (-1) # 4 (-4, -5) is a solution. 


(3, –1) is not a solution. 


9. 2x + y = 6 Equation 1 
ЇЕ + у 0 Equation 2 
Solve for y in Equation 1: y 2 6 — 2x 
Substitute for y in Equation 2: -x + (6 – 2х) = 0 
Solve for x: -3x +6 = 0 > х= 2 
Back-substitute x = 2: y = 6 - 2(2) = 2 


Solution: (2, 2) 


11 x—-y--4 Equation 1 
-уз-2 Equation 2 
Solve for y in Equation 1: y = x + 4 
Substitute for y in Equation 2: x? — (x + 4) = 2 
Solve for x: х®—-х-2=0 > (х + I(x - 2) =0>x=-1,2 
Back-substitute x = –1: y = -1+ 4 = 3 
Back-substitute x = 2: у= 2+4 = 6 


Solutions: (-1, 3), (2, 6) 
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13. |x? + у = 0 _ Equation 1 15. |y = х? - 3х2 +1 Equation 1 
х? – 4х — у = 0 Equation 2 у = х? – Зх +1 Equation 2 
: : i 215202 

Solve for y in Equation 1: y = -x Substitute for y in Equation 2: 

Substitute for y in Equation 2: x? — 4x — (-x?) =0 xX -— 3x7 +1 = 2? -3x41 

Solve for x: х? – 4x? + 3x = 0 

2x? — 4x = 0 > 2x(x - 2) 20 x = 0,2 x(x — 1)(x - 3) = 05 х = 0,1,3 
Back-substitute x = 0: y = -0? = 0 Back-substitute x = 0: y = 0 — 3(0)* -1-1 


Back-substitute x = 2: y = -2? = -4 


1 
EN 
m 
| 
чө 
A 
= 
= 
N 
+ 
= 
1 
| 
EN 


Back-substitute x = 1: y 


Solutions: (0, 0), (2, -4 
puso OU Back-substitute x = 3: y = 3° — 3(3) 


Solutions: (0, 1), (1, —1), (3, 1) 


17. |x- y 2 Equation 1 
n —5y = 16 Equation 2 
Solve for x in Equation 1: x = y + 2 
Substitute for х in Equation 2: 6(у + 2) - 5y 216 > бу +12 - 5y 216 y = 4 
Back-substitute y = 4: x -4=2>5x=6 


Solution: (6, 4) 


19. | x+4y = 3 Equation 1 
2x — 7y = 4 Equation 2 


Solve for x in Equation 1: x = 3 — 4y 


Substitute for х in Equation 2: 2(3 - 4y) - 7y = -24 > 6- 8y - 7y = -24 > y = 2 


Back-substitute y = 2: x + 4(2) = 3 х= –5 


Solution: (-5, 2) 


21. 2x - y +2 = 0 Equation 1 
P + у= 5 = 0 Equation 2 
Solve for y in Equation 1: y = 2х + 2 
Substitute for y in Equation 2: 4x + (2x + 2) - 5 = 0 


Solve for x: 6x — 3 = 0 = х= 1 


Back-substitute x = 4: y = 2x + 2 = 2(2) 2-3 


Solution: e 3) 
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23. 


25. 


27. 


31. 


Section 6.1 


r5 + 0.8y = 23 Equation 1 


0.3x – 0.2у = 0.1 Equation 2 


Multiply the equations by 10. 
15x + 8y = 23 Revised Equation 1 
3x —2y = 1 Revised Equation 2 


Solve for y in revised Equation 2: y = 3х x i 


Linear and Nonlinear Systems of Equations 265 


Substitute for y in revised Equation 1: 15x + 8(3x Е i) - 23 


Solve for x: 15x + 12x — 4 = 23 27x = 27 


Back-substitute x = 1: y = 30) -iz-zl 


l 
2 


Solution: (1, 1) 


0.5х + 3.2у = 9.0 Equation 1 
0.2x – 1.6у = —3.6 Equation 2 


Multiply the equations by 10. 
90 Revised Equation 1 
2x —16y = —36 Revised Equation 2 


5х + 32у = 


Solve for x in revised Equation 2: x = 8y — 18 


xm] 


Substitute for x in revised Equation 1: 5(8y — 18) + 32y = 90 


Solve for y: 40y — 90 + 32y = 90 => 72y = 180 


Back-substitute y — 3: x= 8() -18-2 


Solution: (2. 3) 


ly + 3» = 8 Equation 1 
x+ у = 20 Equation 2 


Solve for x in Equation 2: x = 20 — y 
Substitute for x in Equation 1: +(20 -урж iy -8 


40 


Solve for y: 4 uy =8>y=5 


Back-substitute y = 22: х = 20 - y = 20 – 40 = 20 


3 


Solution: (2, 20) 


4x + y-5 Equation 1 
х- iy = 3 Equation 2 
Solve for y in Equation 1: y = 5 — ix 
Substitute for y in Equation 2: 


1 1 5 11 22 
* 35 3x) 3 423 ә сан 


: 22:22: ox. 22... 14 
Back-substitute x = y=5 i 2) 


Solution: (2, 14) 


E 
2 


29. |6x + 5y = —3 Equation 1 
a ate iy = —7 Equation 2 


Solve for x in Equation 2: x = 7 — iy 


Substitute for x in Equation 1: e(7 - Sy) + 5y = -3 


Solve for y: 42 — 5y + 5y = -3 => 42 = -3 (False) 


No solution 
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33. 


35. 


37. 


39. 


Chapter 6 Systems of Equations and Inequalities 


12,000 
500 


x + y 
0.02x + 0.06y 


Solve for y in Equation 1: у = 12,000 – x 


Substitute for y in Equation 2: 
0.02x + 0.06(12,000 - x) = 500 


Solve for x: 0.02x + 720 — 0.06x = 500 
—0.04x = -220 
x = 5500 


Back-substitute x = 5500: 
y = 12,000 — 5500 = 6500 
So, $5500 is invested at 2% and $6500 is invested at 6%. 


12,000 
396 


x + y 
0.028x + 0.038y 


Solve for y in Equation 1: у = 12,000 — x 
Substitute for y in Equation 2: 0.028x + 0.038(12,000 — x) = 396 


Solve for x: 0.028x + 456 — 0.038x = 396 
—0.01x = —60 
x = 6000 


Back-substitute x = 6000: y = 12,000 — 6000 = 6000 
So, $6000 is invested at 2.8% and $6000 is invested at 3.8%. 


х? – y =0 Equation 1 41 =x + 2y 2-2 A 
2х + у = 0 Equation 2 C | 3x + y = 20 
Solve for y in Equation 2: y = —2x Point of intersection: 
(6, 2) 


Substitute for y in Equation 1: x? — (-2x) = 0 


Solve for x: 
x? + 2x = 0 > x(x + 2) = 0 > x = 0,-2 


Back-substitute x = 0: y = 22(0 = 0 


Back-substitute x = —2: y = —2(—2) = 4 43. 


FIL 

+ 
| 

чә 
M 
11 
| 

чө 


Ол 
ч 
+ 
25 

Ма 

Il 
| 
a 


Solutions: (0, 0), (-2, 4) Point of intersection: 


(<>) 
х— у = —1 Equation 1 272 
x? — y 2-4 Equation 2 


Solve for yin Equation 1: y = x + 1 


Substitute for y in Equation 2: x? — (x + 1) 5-4 


х+у=4 
Solve for x: x? - x -12-4— x? - x 4 320 45. 
х2 + у? – 4х = 0 


The Quadratic Formula yields по real solutions. 
Points of intersection: 


(2, 2), (4, 0) 
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49. 


57. 


No points of intersection — No solution 


x? + у? = 25 
3x? – 16у 0 


Points of intersection: (—4, 3), (4, 3) 


4 Equation 1 


х- 2у = 
x)- y 


Solve for y in Equation 2: y = x? 


0 Equation 2 


Substitute for y in Equation 1: x — 2x? = 4 


Solve for x: 0 = 2x7 -x +4 


Section 6.1 


Linear and Nonlinear Systems of Equations 


51. 


53. 


55. 


y-e 
x-ytl=0>5>yH=x+1 


6 


-2 


Point of intersection: (0, 1) 
Point of intersection: (—0.49, —6.53) 


-2 + ln(x - 1) 


SS 
n 

ч 

+ 

N 
Moos 
11 Il 


9 > y =-2x+3 


-6 


Point of intersection: (5.31, —0.54) 


у = 2x 
y=x +1 


Substitute for y in Equation 2: 2x = x? + 1 


Equation 1 


Equation 2 


267 


Solve for x: х2-2Х5-1-(х-1) =0>x=1 


Back-substitute x = 1 in Equation 1: y = 2x = 2 


Solution: (1, 2) 


The discriminant in the Quadratic Formula is negative. 


No real solution 
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59. |у e* 1 y en 1 
y In x 3 y In x 3 


Point of intersection: approximately (0.287), (1.751) 


61. ху-1-0 Equation 1 
2x -4y + 7 = 0 Equation 2 


. : 1 
Solve for y in Equation 1: y = — 
X 


1 
Substitute for y in Equation 2: 2x — 41) +7 = 0 
х 


Solve for х: 2x? -4 + Tx = 0 = (2x -I(x +4) =0 > x = 2-4 


Back-substitute x = 1 у= d =2 
2 1/2 
: 1 1 
Back-substitute x = —4: y = = – 
-4 4 


Solutions: B 2) Е 2 
2 4 


63. C = 8650x + 250,000, R = 9502x 


R=C 
9502x = 8650x + 250,000 
852x = 250,000 

x = 293 units 


65. C = 9.45x + 16,000; R = 55.95x 


(a) R=C 
55.95x = 9.45x + 16,000 
46.5x = 16,000 
x = 344 
About 344 units must be sold to break even. 
(b) P=R-C 


100,000 = 55.95x — (9.45x + 16,000) 
100,000 = 46.5x — 16,000 
116,000 = 46.5x 
x = 2495 
About 2495 units must be sold to earn a $100,000 profit. 


ll 


u 
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67. (a) Biofuels: C, = —3.250? + 141.962 — 1978.3¢ + 10,874 


69. 


71. 


73. 


75. 


77. 


79. 


81. 


83. 


85. 


Section 6.1 


Wind energy: C, = 11.207? — 162.5t + 1797 
(b) 2800 


Et 


1400 


19 
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(c) The graphs intersect at approximately (17.16, 2306.34), which means during 2017, the average rate of consumption of 
biofuels and wind energy were approximately equal to 2306.34 Btus. 


(d) Answers will vary. Sample answer: The model for wind energy consumption is increasing and the model for biofuels 


consumption increases and then decreases. 


21+ 2w = 56 > 1+ w= 28 
1 = w*4 >(w+ 4) + w= 28 
2w+4 = 28 
2w = 24 

w = 12 meters 


[= уу + 4 = 12 + 4 = 16 meters 


Dimensions: 12 meters x 16 meters 


False. To solve a system of equations by substitution, 
you can solve for either variable in one of the two 
equations and then back-substitute. 


Sample answer: 1f the result is a contradictory equation 
such as 0 = N, then you know there are no solutions. 


When solving a system of equations that is a nonlinear 
system, there may be an equation with imaginary or 
extraneous solutions. 


(a) There are 0, 1, or 2 solutions. The horizontal line 
X — a passes below the parabola when a « 0, 


through the vertex of the parabola when a = 0, or 

through two points on the parabola when a > 0. 
(b) There is exactly 1 solution. Any verticalline x — a 

intersects the parabola at exactly one point. 


Answers will vary. 


4(5x + y) = 4(-1) 

20x + 4y = -4 

3(2x — 4y) = 3(14) 
бх — 12у = 42 


100(0.02х — 0.05у) = 100(-0.38) 
2х — 5y = -38 


3x + 5х + 2у -2y = 4 + 12 
8х = 16 
х= 2 


87. 2x — 4y + 20x + 4y 
22x = 


ll 


> xm 


89. 20x + 12y + бх - 12y 
26x 


(1) 9 


-11 


91. 2(3y + 2x) — 3(2y + 5x) 


бу + 4x – бу - 15 
4x — 15 
-11 


93. 2x - 3y = 3 


Intercepts: (0, –1), e 0) 


95. x + 2y = 5 


Intercepts: (0. 3, (5, 0) 


y 
A 


x 


x 


x 


x 


4(9) + 3(14) 
36 + 42 
78 
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Section 6.2. Two-Variable Linear Systems 


2 Equation 1 


1. elimination 11. х- у 
—2х + 2у = 5 Equation 2 


3. equilibrium point 


5. A system of linear equations with no solution is Multiply Equation 1 by 2: 2x – 2y = 4 


consistent; Add this to Equation 2: 2x — 2y = 4 
7. [2x+ y= 7 Equation 1 -2x + 2y = 5 

a Equation 2 029 

Add to eliminate y: 2x + y = 7 There are no solutions. 

x — y = -4 y 
3х = 3-ээх-1 
Substitute x = lin Equation 2: 1 - y = -4 > y = 5 
Solution: (1, 5) x 
y 
13. | 3x -2y = 5 Equation 1 
E + 4y = —10 Equation 2 
a Multiply Equation 1 by 2: 6x — 4y = 10 
Add this to Equation 2: бх — 4y = 10 

9. | x + y 20 Equation 1 -6x + 4y = -10 

А + 2у = 1 Equation 2 0-2 0 

Multiply Equation 1 by -2: -2x - 2y = 0 The equations are dependent. There are infinitely many 

Add this to Equation 2 to eliminate y: ошоп; 

-2x - 2y = 0 2 ДО Ни Se * 

3x + 2y = 1 ? 5 
Вэ! Solution: | a, 5а - 3) where a is any real number. 


Substitute x = 1 in Equation 1: 1 + y = 0 > y = -1 


Solution: (1, –1) 
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15. 


17. 


19. 


21. 


x + 2y = 6 Equation 1 

x —2y = 2 Equation 2 
Add the equations to eliminate y: 

x + 2y = 6 

x — 2y = 2 


2x = 855424 


Substitute x = 4 into Equation 1: 
4+2y=6> у=1 
Solution: (4, 1) 


5х + Зу = 6 Equation 1 
3x — уз 5 Equation 2 
Multiply Equation 2 by 3: 9x — 3y = 15 


Add this to Equation 1 to eliminate y: 


5x + 3y = 6 
9x — Зу = 15 
14x = 215 х= 3 


Substitute х = 3 into Equation 1: 
3 1 
s( 3) +3y =6 y T 


Solution: (2, -1) 


2u + 3v = -l 
7и +15v = 4 Equation 2 


Equation 1 


-10u —15v = 5 
7и + 15у = 4 
Solve for и: -3u = 9 > и = -3 


Substitute и = —3 in Equation 1: 


2( 3) + 3v = 120 = 2 


Solution: (з | 


3x + 2y 


10 Equation 1 
2x + 5у =3  Equation2 

Multiply Equation 1 by 2 and Equation 2 by —3: 
6x + 4y = 20 


—6x – 15у = -9 


Add to eliminate x: -lly = 11 > y = -1 
Substitute y = —1 in Equation 1: 

3х-2 = 10 = х= 4 

Solution: (4, –1) 


Multiply Equation 1 by —5 and add to Equation 2. 


Section 6.2 


23. 


25. 


27. 


4b + 3n = 3 
ЗЬ + 11т = 13 Equation 2 


Equation 1 


1265+ 9m = 9 
-12b — 44m = -52 


Add to eliminate b: -35т = —43 > m = g 


Substitute m = g in Equation 1: 


4b + 3(43) = 3 b = -$ 


Solution: (-5 3) 


35* 35 
0.2x — 0. 5y = —27.8 Equation 1 
0.3x + 0.4y = 68.7 Equation 2 


Multiply Equation 1 by 4 and Equation 2 by 5: 
Н -2у--1112 


Two-Variable Linear Systems 271 


Multiply Equation 1 by 3 and Equation 2 by —4: 


1.5х + 2у = 343.5 
Add these to eliminate y: 0.8x – 2y = -1112 
15x + 2y = 343.5 
2.3x = 232.3 
х = 101 


Substitute х = 101 in Equation 1: 
0.2(101) – 0.5у = -27.8 = y = 96 


Solution: (101, 96) 


3x + 2y 


4 Equation 1 


9x + бу = 3 Equation 2 


-9x — 6y = -12 
9x + бу = 3 
Add: 
-9x - бу = -12 
9x + бу = 3 
02 -9 


No solution. 


Multiply Equation 1 by —3 and add to Equation 2. 
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29. 


31. 


33. 


35. 


Chapter 6 Systems of Equations and Inequalities 


—5x + бу = —3 Equation 1 
20x — 24y = 12 Equation 2 


Multiply Equation 1 by 4: 
—20x + 24у = -12 
20x — 24y 12 


Add these two together: 0 — 0 


The equations are dependent. There are infinitely many 
solutions. 


Let x = a, then 


—5a + бу = -3 


5 1 
Solution: (s 29 - 3) where a is any real number 


2 2 : + L— = 1  Equationl 
2x = у = 12  Equation2 
Multiply Equation 1 by 12 and Equation 2 by 4: 
3x+4y = 7 
8x — 4y = 48 


Add to eliminate y: 11х = 55 > x = 5 
Substitute x — 5 into Equation 2: 
2(5)- y = 12 > y = -2 


Solution: (5, –2) 


-7x + бу = -4 
l4x – 12у = 8 
Multiply Equation 1 by 2: 
-]4x + 12y = -8 
14x — 12y 8 


Add this to Equation 2: 0 = 0 

The original equations are dependent. 
Matches graph (a). 

Number of solutions: Infinite 


Consistent 


7x — бу = -6 
—Ix + бу = -4 
Add the equations: 0 = —10 
Inconsistent 
Matches graph (d). 


Number of solutions: None 


Inconsistent 


37. 


39. 


41. 


43. 


3x —5y = 7 Equation 1 

n + у = 9 Equation 2 

Multiply Equation 2 by 5: 

10x + 5y = 45 

Add this to Equation 1: 

13x = 52 > x = 4 

Back-substitute х = 4 into Equation 2: 
24)-у-9-эу-1 


Solution: (4, 1) 


-2х + 8y = 20 Equation 1 
| узх-5 Equation2 
Substitute Equation 2 into Equation 1: 
-2x + 8(x — 5) = 20 
—2x + 8x — 40 = 20 
6x = 60 
x = 10 


Back-substitute x = 10 into Equation 2: 
y=10-5=5 
Solution: (10, 5) 


y = -2х -17 Equation 1 
y= 2-3x Equation2 


Use substitution because both equations are solved for y, 
set them equal to one another and solve for x. 


—2x -17 = 2 – 3x 


x=19 
Back-substitute x = 19 into Equation 1: 
y = -2(19) - 17 = -55 


Solution: (19, —15) 


Let 7 = ће air speed of the plane and 
r, =the wind air speed. 


3(n = љ) = 1500 
2.5(n + n) = 1500 


Equation 1 
Equation 2 


Simplify: 
n —n- 
ntrnc- 


Add to eliminate n: 27, = 1100 > л = 550 


500 
600 


Revised Equation 1 


Revised Equation 2 


Back-substitute into revised Equation 2: 
n = 600-7, > һ = 50 


The air speed of the plane is 550 miles per hour and the 
speed of wind is 50 miles per hour. 
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45. 


47. 


49. 


Let x =the number of calories in a cheeseburger. 


Let y =the number of calories in a small order of 
French fries. 


2x+ y = 1460 
3x + 2y = 2350 


Equation 1 
Equation 2 
Solve for y in Equation 1: y = 1460 — 2x 


Substituting for y in Equation 2: 
3x + 2(1460 — 2x) = 2350 > -x 2 -570— x = 570 


Back-substitute x = 570: y = 1460 — 2(570) = 320 


The cheeseburger contains 570 calories and the fries 
contain 320 calories. 


500 — 0.4x = 380 + 0.1x 
120 = 0.5x 
x = 240 units 
p = $404 


Equilibrium point: (240, 404) 


Let x = the amount of money invested at 3.5%. 


Let y = the amount of money invested at 5%. 


x + y = 24,000 Equation 1 
0.035x + 0.05y = 930 Equation 2 


Solve Equation 1 for x: x = 24,000 — y 
Substitute this into Equation 2 to eliminate x: 
0.035(24,000 — y) + 0.05y = 930 
840 + 0.015y = 930 
y = $6000 

Back-substitute y = 6000 into Equation 1: 
x + 6000 = 24,000 

x = $18,000 
$18,000 should be invested in the 3.5% bond. 


51. (a) ee + 3.70a 


Section 6.2 Two-Variable Linear Systems 273 


105.00 Equation 1 
123.90 Equation 2 


3.70b + 4.69a 


Solve Equation 1 for b: b = 35 — 38, 


Substitute this into Equation 2 to eliminate b: 
эл(5 - | + 4.69a = 123.90 


—4421 


u 


a 
Back-substitute a = —44.21 into Equation 1: 
3.005 + 3.70(- 44.21) = 105.00 => b = 89.53 


Least squares regression line: 
y = —44.21x + 89.53 


100 


0 2 


(b) y = —44.21x + 89.53 
у = -44.21(1.75) + 89.53 
y = 12.16 


When the price is $1.75, the demand is about 
12 units. 


PET > b+2a= 4.04 


10b + 30a = 50.1 > -Ь—3а = -5.01 
-а = -0.97 
a= 0.97 
b + 2a = 4.04 
b + 2(0.97) = 4.04 
Ь = 21 


Least squares regression line: у = 0.97x + 2.1 
8 
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55. (а) [4b + 7.00 = 174 = 28b + 49.04 = 1218 61. [100y - x = 200 Equation 1 
In + 13.5а = 322 = —28b — 54.0а = –1288 | 99y — x = —198 Equation 2 
—5а = —70 Subtract Equation 2 from Equation 1 to eliminate x: 
a= 14 1000 = x = 200 
4b + 7.0a = 174 -99y + x = 198 
4b + 7.0(14) = 174 y = 398 
4b = 76 Substitute y = 398 into Equation 1: 
b=19 100(398) – x = 200 > x = 39,600 


Least squares regression line: y = 14x + 19 . 
Solution: (39, 600, 398) 


(b) Substitute x = 1.6 into y = 14x + 19. 
The lines are not parallel. The scale on the axes must be 


y = 14(1.6) + 19 = 414 changed to see the point of intersection. 


The wheat yield is about 41.4 bushels per acre. 63. [4x -8y = -3 Equation 1 
57. False. Two lines that coincide have infinitely many 2x + ky = 16 Equation 2 


points of intersection. А : 
Multiply Equation 2 by 22: -4х - 2ky = -32 


59. ja ж2у-4 Add this to Equation 1: 4x - 8y = -3 
5x -2y = 12 -4х = 2k = -32 
2y = -3x +4 -8у - 2ky = -35 
y= -4x +2 The system is inconsistent if —8y — 2ky = 0. 
5x — 2(-3x Ж 2) — 12 This occurs when k = —4. 
2 
5x +3x-4=12 65. No, it is not possible for a consistent system of linear 
8x = 16 equations to have exactly two solutions. Either the lines 
2 will intersect once or they will coincide and then the 
= 


system would have infinite solutions. 
Back substitute x = 2: 3(2) + 2y 


? +12 
6+ 2у = 4 67. 28-3 = IUE 
2y 2-2 
4 | 2x? —3х = 2x? +3 
pom -3x = 3 
Solution: (2, –1) РИТЕР 
Answers will vary: Sample answer: If the equations can 69. 6x +5 =х(2х +3) 


be added or subtracted without having to multiply by any 
coefficient, elimination of variable may be preferred. If бх + 5 = 2х2 + Зх 
one or both of the equations is already solved for one of О ГЕ 

the variables, the method of substitution may be more 

efficient. (x + D(2x -5) = 0 


71. 5x? — 6 – 3x4 = 3x — 5x? - 2x4 
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73. llx - 4y = 19 
—4у = —1lx + 19 
423213 
d 4 4 
75 шин энэ. 
` 353. 
2x +10 = 5x + 2y 

—3х +10 = 2y 

-3 
= —x +5 

2 2 


Section 6.3 


Multivariable Linear Systems 


1. row-echelon 


3. Gaussian 


5. To produce an equivalent system of linear equations, you 
can interchange two equations, multiply one of the 
equations by a nonzero constant, or add a multiple of one 
equation to another equation to replace the linear 


equation. 
7. 6x - y+ z= -l 
4x — 32 = -19 
2y + 52 = 25 
(a) (0, 3, 1) 


(b) 


(d) 


6(0) – (3) + (1) #1 
(0, 3, 1) is not a solution. 
(-3, 0, 5) 

6(-3) -0+5#-l 


(—3, 0, 5) is not a solution 


(0, —1, 4) 

4(0) — 3(4) # -19 

(0, —1, 4) is not a solution. 

(-1, 0, 5) 

6(-1)-0+5=-1 
4(-1) - 3(5) = -19 


2(0) + 5(5) = 25 


(-1, 0, 5) is a solution. 
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77. f(x) = x! -12x + 24 = 0 


_ 12 + C42) — 404) 


X 
2 
_ 6+ МА8 
^2 
= 6 + 24/3 
79. f(x) = 6x3 – 7х2 +6x+7=0 
х2(6х = 7) – (6x - 7) = 0 
(x? – D(6x - 7) = 0 
x-Hl 
9. 4x + у —z = 0 
-8x — бу + 2 = -4 
3x — y = =a 


e «(C3 - C3) *° 


e 225 -1) is not a solution. 


274 
& 48)-1-)-0) «o 
(3, –2, 3) is not a solution. 
жЕ hen 2B 
o айх ы 
= ИС 
(-4, 2, –5) is a solution. 


o 4-3) «)- C) «o 


-3) is not a solution. 


п. x — y + 5z = 37 Equation 1 
y + 2z = 6  Equation2 
z = 8  Equation3 


Back-substitute z — 8 into Equation 2: 
у + 2(8) = 6 
y = -10 


Back-substitute y = —10 and z = 8 into Equation 1: 


x — (-10) + 5(8) = 37 
x +10 + 40 = 37 
x = —13 


Solution: (—13, —10, 8) 
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13. |x + y = 3z = 7 Equation | 
y + z = 12 Equation 2 
z = 2 Equation 3 
Back-substitute 2 = 2 into Equation 2: у + 2 = 12 > y = 10 
Back-substitute y = 10 and z = 2 into Equation 1: 
+ (10) - 32) = 7 
x+4=7 
x =3 


Solution: (3, 10, 2) 


15. |x - 2y + z = x Equation 1 2. | х = 2y = -2 
y = z = —-4  Equation2 3x - y= 9 
z = ]l  Equation3 x - 2y = -2 
Back-substitute z = 11 into Equation 2: Sy = 15 (-3)Eq.1 + Eq. 2 
аы х - 2y = -2 
Nc y = 3 1 Ед.2 
Back-substitute у = 7 ара z = llinto Equation 1: 
x - 2(3) = -2 
Sl 
x — 2(7) + (11) = 7; хоё 
xc3- m Solution: (4, 3) 
m 
23. | x + y + z= 7 Equation 1 
Solution: (4, 7, 11) 2х — y + z = 9 Equation 2 
3x = z = 10 — Equation 3 
1. | x = 2y + 32 = 5 Equation 1 
-x + 3y = 5z = 4 — Equation 2 ae 9. 
2x — 3c = 0 Equation3 3x + 22 = 16 Eq. 2 + Eq. 1 
3x — z = 10 
Add Equation 1 to Equation 2: 
x- 2у + 32 = 5 xr ZR 
2 3х + 2z = 16 
у - 22 = 
2х =. $y 5 9x = 36 Eq. 2 + 2Eq.3 
This is the first step in putting the system in row-echelon x+y+ z= 7 
form. 3x + 2z = 16 
x = 4 І Ба,3 
de xd у= 0 44 
-2x + 3y = 10 3(4) + 2z = 16 
x+ у = 0 22 = 4 
5y = 10 264.1 + Eq.2 22 
4+у+2 = 7 
Xo oy 28 y= 1 
ycum 2 1 Баг? 
Solution: (4, 1, 2) 
x+(2)= 0 
x=-2 


Solution: (-2, 2) 
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25. 


29. 
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2x + 4y - z= 7 27. 
2x — 4y + 2z = -6 
x + 4y + z= 0 
x + 4y z = 0 Interchange equations. 
2x — 4y + 2z = -6 
2x + dy - z= 7 
x + 4y + z= 0 
-12у = -6 (-2)Eq. 1 + Eq.2 
-4y = 32 = 7 (-2)Eq.1+ Eq.3 
x + 4y + z= 0 
zl 1 
-4у - 3z = 7 
у= 1 
42) -3z =7 > z = -3 
1 = 
x + (1) + (-3) = 0 
х-1 
Solution: (1, ‚—3) 
3x — Sy + 52 = 1 Equation 1 
2x — 2y + 3z = 0 Equation 2 
Tx- y + 3z = 0 Equation 3 
x — Зу + 2z = 1 Eq. 1 — Eq. 2 
2x — 2y 3z = 0 
[Xi o Y 3z = 
x — Зу + 22 = 1 
- 4y 2 = 2Eq. 1 — Eq. 2 
7x — у 3z = 
x — Зу + 2z = 1 
-4y + zo m2 
-20y + llz = 7 7Eq. 1 — Eq. 3 
x- Зу + 22 = | 
-4у + z = 2 
6z - -3 —5Eq. 2 + Eq. 3 
6z = -3 > 2 = -i 
| IY = а. 23 = 5 
уч 2) 2 в: 2 У 78 
5 1) _ 12727525 z 1 
х x 3 2 z) ! EE: І * 8 
see Йй. 25 БИ 
Solution: (4. 2 1) 


Inconsistent, no solution 


-9 Interchange equations. 
7 


25 -2Eq.1 + Eq.2 
32 -3Eq.1 + Eq.3 


7 —Eq. 2 + Eq.3 
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31. |2x 3y - 
4x + 3y - z= 0 
8x + 3y + 32 = 0 
2x + 3y = 0 

-3y = z= 0 
-9y + 32 = 0 
2x + 3y = 0 
3y - z= 0 
6z = 0 
6z=0>2z=0 
3y-0=0>5> у= 0 
2х + 3(0) = 0 = х= 0 
Solution: (0, 0, 0) 
33. | x + 42 = | 
x + y + 10z = 10 
2x — y + 2z = -5 
x + 42 = | 
y + 62 = 9 
-у = 6z = -7 
x 4z = 1 
y + 627 = 
0 = 


No solution, inconsistent 


Equation 1 
Equation 2 
Equation 3 


—2Eq.1 + Eq. 2 
—4Eq.1 + Eq. 3 


—3Eq.2 + Eq. 3 


Equation 1 
Equation 2 
Equation 3 


—Eq.1 + Eq. 2 
—2Eq. 1 + Ва. 3 


Eq. 2 + Eq. 3 


35. 


37. 


3x — Зу + 6z = 6 
x + Ly = z= 5 
5x - 8y + 132 = 7 
x — y + 22 2 
x + 2y - z= 5 
5x — 8у + 132 = 7 
x= у + 22 = 2 
Зу — 32 = 3 
-3y + 3z = -3 
5 з= у + 22 = 
ye = 2 = 
0-2 0 
x + z= 3 
y um z= 1 


Let z = a, then: 


y= atl 


х= -а + 3 


Solution: (-а + 3,а + 1, a) 


x + 2y - 72 = -4 
2x + у + z= 13 
3x + 9y - 362 = -33 

x + 2y- 72 = -4 

-3y + 152 = 21 
Зу = 152 = -21 
x + 2p - 72 = -4 
-3y + 152 = 21 
0 = 0 
x + 2y- 72 = -4 
y- 52 = -7 
х + 3z = 10 
у = 52 = -7 


у = Sa - 7 
x = -3a + 10 


Solution: (За + 10, 5a — 7, a) 


Equation 1 
Equation 2 
Equation 3 


1 
3 Eq. 1 


—Eq. 1 + Eq. 2 
— SEq.1 + Eq.3 


1 
3Eq. 2 
Eq.2 + Eq.3 


Eq. 2 + Eq.1 


Equation 1 
Equation 2 
Equation 3 


—2Eq.1 + Eq. 2 
—3Eq.1 + Ва. з 
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39. 


x + 3w 4 
2y — z- w 0 
3y - 2w 1 
2X — у + 4z 5 
x + 3w 
2y — z — w 
3y — 2w 1 
-y + 42 — ów -3 
x + 3w 4 
y = 42 + бу 3 
2y — z=- w 0 
3y - 2w 1 
x + 3w 4 
y- 42 + w 
7z — 13w —6 
122 — 20w -8 
x 3w 4 
y — 42 6w 3 
20- Зу -2 
122 - 20w -8 
х 3w 4 
y = 4 6w 
2 — 3w -2 
16w 16 
l6w = 16 > = 
2-3(1) = 2 = 
у- 401) +6) = 3 = 
x+3(l) = 4 = 


Solution: (1, 1, 1, 1) 


Se Se Lm Ln 


Section 6.3 Multivariable Linear Systems 


Equation 1 
Equation 2 
Equation 3 
Equation 4 


—2Eq.1 + Eq.4 


—Eq. 4 and interchange 
the equations. 


—Eq.2 + Eq.3 


—3Eq.2 + Eq.4 


—4Eq. 4 + Eq.3 


-12Eq.3 + Eq. 4 


279 
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41. 


4T. 


49. 


Chapter 6 Systems of Equations and Inequalities 


x — 2у + 52 = 2 
4x =. z= 0 
Let z = a, then: x = 1 


14-2у45а-2 
a — 8y + 20a = 8 
-8y = 
у=җа-1 
-La) 


To avoid fractions, we could go back and let 


Answer: (2а, Да 
z = 8a, then 4x — 8a = 0 > х = 2a. 
2a — 2y + 5(8a) = 2 
-2у + 42а = 2 
y =2la-1 
Solution: (2a, 21a — 1, 8a) 


$ = lat? + vet + So 


(1, 352), (2, 272), (3, 160) 


352 = За + VW + 5 => a+ 2v + 25у 
272 = 2a + 2v + 5 => 2a+ 2w + 50 
160 = За + 3w + s% => 9а + 6v 25, 


Solving the system, a = —32, vj = —32, sọ = 400. 
Thus, s 


32t + 400 


1-32)? 
= —16t? — 321 + 400. 
y = ax? + bx + c passing through 
(0, 0), (2, —2), (4, 0) 
(0,0): 0 = с 
(2,-2): -2 = 4a + 2b +с > -1 = 2a +b 
(4,0): 0 = 16a + 4b +c = 0=4а+Ь 


Solution: a = 


The equation of the parabola is y = 28 52x. 


5 


-4 8 


704 
272 
320 


43. 


45. 


2x — 3y + z = -2 Equation 1 
-4х + 9y = 7 Equation 2 
2x = 3y + z = -2 
Зу + 2z = 3 2Eq.1 + Eq.2 
2x + 3z = 1 Eq.2+ Eq.l 
Зу + 22 = 3 
Let z = a, then: 
y= -2a +1 
x= -2a +} 


Solution: (-3a + -2a +1, a) 


5 = lat + Vot + So 


(1, 128), (2, 80), (3, 0) 


128 = Ха + vy +5 > at 2% + 2% = 256 
80 = 2a + 2w + so = 2a + 2у + sọ = 80 
0 = За + 3w + s, => 9a + буу + 250 = 0 


Solving this system yields a = —32, vy = 0, sọ = 144. 
So, s = 1(-32)? + (0)r + 144 = 167? + 144. 
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51. 


55. 
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y = ax? + bx + с passing through 53. 
2, 0), (3, -1), (4, 0) 


( 

(2,0): 0 = 4a +2b +c 
(3, -1): -1=9a+3b+c 
( 


4,0): 0 216a + 4b +c 


0 = 4a + 2b + c 
-1 = Sa + b —Eq.1 + Eq. 2 
0 = 12а + 2b —Eq.1 + Eq.3 


0 = 4a + 2b + c 
-1 = 5а + b 
2 = 2a —2Eq. 2 + Eq.3 


Solution: a = 1,b = -6,c = 8 


The equation of the parabolais y = x? — 6x + 8. 


x? y? + Dx + Ey + F = 0 passing through (0, 0), (5, 5), (10, 0) 
(0, 0): 0° + 0° + D(0) + E(0) +F =0 > F=0 
(55:5 + 5° + D(5) + E(5) + F = 0 > 5D + 5E + F = —50 


(10, 0): 10° + 0? + D(10) + 5(0) + F = 0 = 10D + F = -100 


Solution: D = –10, Е =0,F =0 


y = ax? + bx + c passing through e 1), (1, 3), (2, 13) 


(2) 1 = dy +1) + c 


(1,3): 3 = a(l) 450) + c 


(2,13): 13 = a(2) + B(2) + с 


a+ 2b + 4c = 4 
a+ b+ c= 
4а + 2b + c = 13 1, 3 


Solution: a = 4,b = -2,c = 1 Е 


The equation of the parabolais у = 4x? — 2x + 1. 


The equation of the circle is x? + y? — 10x = 0. To graph, complete the square first, then solve for y. 


(x? -10x + 25) + y? = 25 


(x-5y + y? = 25 
j^ 25-(х-5) 


y = 44/25 -(x-5) 
Let yı = 4/25 - (x - 5) and y, = —\/25 - (x – 5). 
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57. x? + y? + Dx + Ey + F = 0 passing through (—3, —1), (2, 4), (-6, 8) ш 


(-3,-1):10-3D-E+F=0 10=3D+E-F 
(2,4): 20 + 2D + 4E + F = 0 > 20 = -2D - 4E — F 
(—6, 8): 100 - 6D + 8E +F = 0 100 = 6D - 8E - F 


Solution: D = 6, E = -8,F = 0 


The equation of the circle is x? + y? + 6x — 8y = 0. To graph, complete the squares first, then solve for y. 


(x? + 6x + 9) + (y? -8y + 16) 209 +16 
2 


(x +3) + (у – 4) = 25 
(у = 4) = 25 – (х + 3) 


у-4= s as - (x +3) 
у = 4+ 425 - (x + 3) 
Let y, = 4 + 4/25 - (x +3) and y, = 4 - 4/25 - (x +3). 
59. Let x — pounds of brand X. 


Let y — pounds of brand Y. 
Let z — pounds of brand Z. 


Fertilizer A: iy + 22 = 5 
Fertilizer B: Ix + 2y 22 = 13 
AF . 1 Dents 
Fertilizer C: 7х + 92 = 4 
Ix + 3 y + 52 = 13 Interchange Eq.1 and Eq. 2. 
1 Di м 
3X + 92 = 5 
1 2 
БЫ T 94 4 
1 2 ON 
25 + Sy + 22 13 
1 Ds 
3X + 94 = 5 
Зу 12 = -9 Eq. 1 + Eq. 3 
1 2 5552 эзш 
25 + Fy + 52 13 
1 Dis. 
3X + 94 = 5 
iz = 1 2Eq.2 + Eq.3 
z=9 
2 = = 
3y + 209) 5>y=9 
1 2 pys = РЕ 
7х 4 30) + 2(9) 13 х= 4 


4 pounds of brand X, 9 pounds of brand Y, and 9 pounds 
of brand Z are needed to obtain the desired mixture. 


61. 


x z = 180 
2x 7, - 180 
y + 2x = 7 = 180 
x + у z = 180 
2x z = 173 
2x + y = 187 
-х + y = 7 
2x + 2 = 173 
2x + y = 187 
-х + y - 7 
2x + z = 173 
3x = 180 
x = 60° 
2(60) + 2 = 173 > z = 53° 
60+ у= 7> у = 67° 


—Eq. 2 + Eq. 1 


—Eq. 1 + Eq. 3 
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63. 


65. 
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L- L + L = 0 Equation 1 
3n + 2L = 7 Equation 2 
2L + 4h = 8 Equation 3 
IH. = dd + I, = 0 
51, - 34, = 7 (-3)Eq.1+ Eq.2 
М, + 41 = 8 
L = I, + L= 0 
10, - 6L = 14 2Eq. 2 
1071, + 201, = 40 5Eq. 3 
1, = 1, + 1, m 0 
107, - 6L = 14 
261, = 26 (-1)Ба.2- Eq.3 


261, = 26 > 1, =1 


107, – 6(1) = 14> L = 2 


,-2+1= 021-1 


Solution: Д = 1, J, = 2,1, = 1 


4c + 9b + 29а = 20 
9c + 29b + 99a = 70 
29c + 99b + 353a = 254 
9c + 29b + 99a = 70 Interchange equations. 
4c + 9b + 29a = 20 


29с + 99b + 353a = 254 


с + 15 + 41а = 30  —2Eq.2 + Eq.1 
-35b - 135a = -100 -4Eq.1+ Eq.2 
—220b - 836a = -616  -29Eq.l + Eq.3 
с + 11р + 41а = 30 
154056 + 50404 = 4400 —44Eq. 2 
-1540b — 5852a = -4312 76а. 3 
с + 11р + 41а = 30 
154056 + 5940a = 4400 
88а = 88 Eq.2 + Ед. 3 
88а = 88 > а = 1 
1540b + 5940(1) = 4400 - b = -l 
c +11(-1)+ 41) = 302 c= 0 


Least squares regression parabola: y = x? — x 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


284 


Chapter 6 Systems of Equations and Inequalities 


67. (a) 5c + 250b 4 13,000 = 923 
250c +  13,500b + 775,000a = 52170 
13,5000 + 775,000b + 46,590,000a = 3,101,300 
Sc + 250b + 13,500a = 923 
10000 + 100,000а = 6020 (-50)Eq. 1 + Eq. 2 
100,000b + 10,140,000a = 609,200 (-2700)Eq. 1 + (3)Eq. з 


69. 


71. 


5c + 250b + 13,500a = 923 
1000b + 100,000а = 6020 
140,000a = 7200 (-100)Eq. 2 + Eq. 3 
140,000a = 7200 > a = 0.0514 
1000b + 100,000(0.0514) = 6020 — b = 0.8771 
5c + 250(0.8771) + 13,500(0.0514) = 923 = с = 1.8857 


Least-squares regression parabola: y = 0.0514x? + 0.8771x + 1.8857 
(b) 350 


20 L 
50 


The model fits the data well. 


180 


(c) When x = 75, y = 0.0514(75)? + 0.8771(75) + 1.8857 = 356 feet. 


2x - 2А = 0 => 2x(1-A) = 0 = А = 1ох =0 
-2у + л = 0 


y- x = 0 


Ҥ»=1:2у= oO у = 


Ifx=0: Pr = у= у= 0 
22у = А5 А = 0 


Solution: x = 22 or х= 0 
1 
= — = 0 
2 y 
A — 1 A = 0 
False. For example, refer to Example 6 on page 655, 73. Answers will vary. Sample answer. 
- 2y + = 2 
| | as x+3z= 1 
2x - - = 1 
4 oe e y-4z-2-2 
has the solution set of all ordered triples of the form 
(a, a — 1, a) where a is a real number. Therefore, it is 75. Answers will vary. Sample answer: 


not an unique solution. 


ll 
= 


х + y+ z 


ll 
сл 


(2, 0, –1) is a solution to 43x + y + z 


ll 
| 
[97 


-х + 2y + 32 
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77. Answers will vary. Sample answer: 


(4. -3, 0) is a solution to 


2x + у ч 2 = -2 
4x + y+ z= -l 
-2х + 2у + 32 = -7 
2 _ x = 
тө, X_+ 2x 8 (х+4)у(х-2) 2 ape 4 
—20 – 5x -5(х + 4) 5 
81 3x? + 9x + 6 Е 3(x? + 3x + 2) 
x -2x -x-2 xX -2x -x-2 
3(x + D(x + 2) 
»-2x)-x-2 
83. —3x +1 or 6 3 19 -6 
x = 6\/-3x? + 19x – 6 -18 6 
аа 2 4 
3x 18x 3 1 0 
x—6 
x—6 


(3x? + 19x — 6) + (x -6 =-3x 4x 26 


Section 6.4 Partial Fractions 


1. improper 
3. two 
3 3 A B 
5 - =—+ 
x? — 2x x(x — 2) x x-2 
7 6x+5 _ бх + 5 
: (x + 25 (x + 2)(x + 2)(x + 2)(x + 2) 
A B C D 
= 1 27 yt 4 
x+2 (x42) (x + 2) (x + 2) 
8x A B Cx + D Ех + F 
9 =— + 


e € 3 49 p 
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85. х\+х+2 о3|1 -2 -1 7 
х= 3/9 – 2x7 —x +7 3 3 6 
x? —3х° 11-2 13 
x-x 
x?-3x 
2x +7 
2x = 6 
13 
3 2 2 13 
(x —-2x'-x*T7T)-(x-3)-2x +х+2+ 
x—3 
8. у(х) = 
XS 
1 1 -1 
f(-x) (57 - (а) ZG nd. Желе 
= -f() 


fis odd and symmetric with respect to the origin. 


я x 2 
fe3 = 4 = е? = (a 
fis even and symmetric with respect to the y-axis. 


91. f(x) = -log(-x) 
f(x) = -log x # f(x) = -f(x) 


Note: Domain is x « 0 


fis neither even nor odd and has no symmetry. 


11. 22-05 В 

x +x x х +1 

1 = A(x +1) + Bx 
Let x =0:1=A 
Let x = -l:1=-B B=-1 
1 zd 1 
х +x x x+l 
3 A B 

13. = 


+ 
x!tx-2 х-1 х-2 
3 = A(x + 2) + B(x – 1) 


Let x = 1:3 = 3A 4-1 


Letx2-2:3--3B— B--1 
3 1 1 


хХ“+х-2 х-1 x+2 
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15. 5 Зу B 
х^ —1 x+1 x-1 
1 = A(x - 1) + B(x + 1) 
1 
ОЕ ыза йш = „ 
1 
Let x=1:1 = 2B В-- 
2 
1 1/2 E XS Ч 
xi-1 x-1 х-1 2х-1 х-1 
х2 +12x+12 A B C 
17. =— + + 
x! — 4х x x+2 x-2 
x? + 12x +12 = A(x + 2)(x – 2) + Bx(x - 2) + Cx(x + 2) 
Let x = 0: 12 = 44> A = 3 
Let x = -2:-8 = 8B > B=-1 
Let x = 2: 40 = 8C C=5 
x? + 12х +12 _ 3 1 4 5 
x — 4x x x+2 x-2 
LEM MUN ЕЕЕ АЕ 
(0-3) x-3 (x-3) 
3x = A(x —3) +B 
Le x=3:9 = В 
Letx 20: 02 34 + B 
02-34-49 
324 
3x 3 9 
p * 2 
(x-3) x=3 (x-3) 
4A? +2x-1 А B C 
21. =— + + 
x^(x + I) x x? х +1 


4x? + 2x - 1 = Ax(x +1) + B(x + 1) + Cx? 


Let x = 0: –1 = В 

Let x =-l: 1 = C 

Letx =1: 5-24-28-0С 
5=2A-2+4+1 
6 = 2A 
324 

402 + 2х-1 3 1 1 

x?(x + 1) x x x41 


23. 


2x | A Вх +С 
x -1 х-1 x 4x41 
2х = A(x? + x +1) + (Bx + С)(х -1) 


2x 


(4+ By? +(A-B+C)x+(A-C) 
Equating coefficients of like terms gives 4 + B = 0, 
А-84С-2а44-0-0. 

Let x =1: 


34 = 2 A= = 


4-C=0>2-C=0 Ge 
3 3 
PI TU ЕЗ ee 
3 3 
2x -4 х-1 | 
yal 3lx-1 x +x41 
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x x A Вх +С 


25. = = + 
xy-x-2x42 (x - 1)(x? - 2) х-1 x?-2 


x A(x? - 2) + (Bx + C)(x - 1) 
Ax? — 24 + Bx? - Bx + Cx- C 


(4 + By? + (C - B)x - (24 + C) 


Equating coefficients of like terms gives 0 = A + B,1 = C - B, and 0 = 24 + С. 80, А = –1, В =1, and C = 2. 


x 1 x+2 


птн аса х-1 x-2 


27 xX e x = x _ А " B 2 Cx + D 
dé -1 (42 – 1)(4х2 +1) (2x +1)(2x -1(4x2 +1) 2541 2x-1 4x7 41 


x = A(2x — 1)(4x? +1) + B(2x + 1)(4x? + 1) + (Cx + D)(2x + 1)(2x – 1) 
= A(8x* — 4x? + 2x - 1) + B(&? + 4x? + 2x + 1) + (Cx + D)(4x? - 1) 
= 84 — 44x? + 2Ax — А + 8Bx? + АВх? + 2Bx + B + ACO + AD) – Cx - D 


= (84 + 8B + АС)? + (44 + 4B + 4D)x* + (24 + 2B - С)х + (-A + B - D) 


Equating coefficients of like terms gives 0 = 84 + 8B + 4C,0 = 44+ AB + 4D,1 = 24+ 2B – C, and 
0=-A+B-D. 

1 
Using the first and third equations, 24 + 2B + C = 0 and 24 + 2B - C = E; by subtraction, 2C = -1, so C = "es 


Using the second and fourth equations, —4 + B + D = 0 and —A + B – D = 0; by subtraction 2D = 0, so D = 0. 


1 1 1 
Substituting =5 for C and 0 for D in the first and second equations, 84 + 8B = 2 апі -44 + 4B = 0, ѕо А = 8 and B = 9 


1 1 _1 
эг. — — > 


lox? -1 2x+1 2x-1 4x? +1 8(2х41) 8(2х-1) 24x? +1) 8\2х+1 2x-1 4x? +1 


2 
29. x +5 of A Н Bx+ C 


(x + 1)(x? - 2x + 3) х-1 x-2x43 


x +5 = A(x? – 2x +3) + (Bx + C)(x + 1) = Ax? — 24x +34 + Br? + Bx t+ Cx +С 


(A + B)x? + (-24 + B + С)х + (34 + C) 
Equating coefficients of like terms gives 1 = А + В, 0 = -24+B+C, and 5 = 34 + С. 


Subtracting both sides of the second equation from the first gives 1 = 34 — C; combining this with the third equation gives 
A = l and С = 2. Because А + B = 1, В = 0. 


x? +5 1 2 


(x + 1)(x? – 2x + 3) х+1 x —2x43 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


288 Chapter 6 Systems of Equations and Inequalities 


2x +x4+8 Ax+B | Cx«D 
31. с=т= + j 
(X + 4) x +4 (x? + 4) 
2x? +x +8 = (Ax + B( + 4) + Cx 4 D 


2x! + x +8 = Ax! + Bx? + (44 + C)x + (4B + D) 


Equating coefficients of like terms gives 
0-4 


1=44+C>C=1 
8 =4B+D>D=0 


2x +x4+8 _ 2 © x 
(2-4) 0+4 (244) 


8x – 12 A B Cx+D Ey + F 
=—+— + + 


2 


i P(xr42) x X X2 (guo 


8x -12 = Ax(x? +2) + B(x? 2 + (Cx + D)x°(x? + 2) + (Ex + Ер? 
= AX + 44x? + 4Ах + Bx’ + 4Bx? + AB + CÓ + 2C + х! + 2Dx? + Ех? + Ех? 
= (4+ C)? + (B + D)x* + (44 + 2C + E)? + (4B + 2D + F)x? + 44x + AB 
Equating coefficients of like terms gives 
А+С = 0, 
в+р = 0, 
44+2C +E = 0), 
48 +2р +Е = 0, 
4А = 8, апа 
4B = -12. 
So, 4 = 2,B = -3,C = -2,D = 3, E = —4, and F = 6. 


8x — 12 2 -3 -2x*3 —-4x+6 
= 2+ — + + 


х(322) x “+? (2-2) 
2.2 заар - 
35. E: x pd E 1 zo саш 
x +х +1 x +x41 x +x41 
3 019 
37. 2x HAS gs 7 4 18х + 19 
х2 + 3х + 2 (x + 1)(x + 2) 
18x + 19 _ A B 


+ 
(х+1(х+2) x+1 x42 
18x +19 = A(x + 2) + B(x +1) 


Letx =-lL1=A 
Let x = -2:-17 = -B > В = 17 


28 -=x 4x45 1 17 
j =2x-7+ + 
x + 3х + 2 x+1l х-2 
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x* x^ 6x? -8x +3 
39. pom o) = =x+3+ 3 
(x - 1) x — 3х“ +3x-1 (x - 1) 


6x? 8x43. A4 в С 
(8-1) 


œ- х-1 (x-1 
6x! – 8x +3 = A(x - 1) + B(x -1)+ C 


Letx =1:1=C 


Letx =0: 3 = A - B + ЦА - В = 2 

Letx = 2: 11 = A+ B+ 1) А + B = 10 

So, A = 6 and B = 4. 

х* 6 4 1 

z=x+3+ + 5 + 5 

(х-1) х-1 (x-1) (х-1) 

x! + 2x? + 4x? + 8x + 2 3x? + 8x + 2 3x? + 8x +2 

41. = х + = х + 5 

x +202 +x x + 2x du x(x + 1) 


3x? +8x+2 A B C 
222 bh + 2 
x(x + 1) x x*l (x«l) 


3x? + 8x +2 = A(x + 1} + B(x)(x + 1) + C(x) 

3x? + 8x + 2 = Ax? + 2Ах + А + Bx? + Bx + Сх 

3x? + 8x +2 = (A + Bx? + (2A + В + С)х + А 

Equating coefficients of like terms gives A + B = 3,24 + B + C = 8, and A = 2. 
So, A = 2, В = l,and C = 3. 


x! + 2x3 + 4x? + 8x + 2 2 1 3 
р 5 = х+= H 5 
Xxx WX X x+l (x + 1) 
5- A B 2 oe - 
43. : х = к 45. 3х 7х 2_4, B C 
2x? -x -1 2x-1 x41 х= х x x-l1 x-1 


onse dose ма. 3x? — Tx -2 = A(x? - 1) + Bx(x - 1) + Cx(x + 1) 


ieee еге Let x = 0: -2 = -A > AS 2 
2295 19 
Thy ies cip B=2 Let x = -1:8 = 2B B=4 
TM КЕ. 2 Let x = 1: -6 = 2C C = -3 
2x? +x-1 2x-1 x«l 3x? -x-2 2, 4 3 


2 х= х x х-1 х-1 
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X +x+2 Ax B , Cx+D 


47. } 
(2) Se Ge ey’ 


x +x +2 = (Ах + Bx? +2)+Сх+ D 

x? +x + 2 = А + Bx’ + (2А + С)х + (2B + D) 
Equating coefficients of like terms gives 

0-4 

1-8 

1-24-05-50(05-1 

2-28-0-эт0-0 


3 3 

х +х+2 _ 1 x 

2 2 +2 2 
(х +2) (х +2) E 

Ва ое 

49. 2х 4х 15х +5 4 х +5 
х2 – 2х - 8 (х + 2)(x — 4) 
х +5 А В 


(х + 2)(х- 4) х+2 x-4 
х+5 = A(x - 4) + B(x + 2) 


1 
Let x = 2:3 =-64 > А=—— 
2 
3 
Let x = 4:9 = 6B В = – 
2 
2x — 4x? - 15x + 5 If 3 1 
5 = 2x 4 
x — 2x – 8 2х-4 х-2 
51. C = 120p эс 120р E A 4 B 
10,000 — p? (100 + p)(100- p) 100-p 100-р 
120p = A(100 — p) + B(100 + p) 
Let p — 100: 2008 - 12,000 
В = 60 
Let р = —100: 2004 = -12,000 = 
A = -60 
120p | 60 | 60 
10,000- p? 100+ р 100-р 
120 60 60 
Let y, = Р z and y, = + Я 
10,000 — р 100+ р 100-p 


53. True. The expression is an improper rational expression. 


r+] — x41 


2 


so first divide the denominator into the numerator to obtain 
хХх-1) x -x 


55. The expression is improper, 


х2 +1 х +1 х +1 
= = 1+ 


x-x x!-x x(x — 1) 


Then find the partial fraction decomposition of LEE NE + 2 


x(x — 1) x х-1 
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57. Answers will vary. Sample answer: One way to find the 
constants is to choose values of the variable that eliminate 
one or more of the constants in the basic equation so that 
you can solve for another constant. If necessary, you can 
then use these constants with other chosen values of the 
variable to solve for any remaining constants. Another 
way is to expand the basic equation and collect like terms. 
Then you can equate coefficients of the like terms on each 
side of the equation to obtain simple equations involving 
the constants. If necessary, you can solve these equations 
using substitution. 


59. х- у= 2 
у= х-2 
Intercepts: (0, —2), (2, 0) 


61. |2:x| - » 21 
у = |2x| -1 


63. x = 2 


Vertical line 


Section 6.4 Partial Fractions 


65. 2x - у? = 0 


Parabola that opens to the right 
Intercept: (0, 0) 


67. (x + 2)? + (y - 2? = 16 


Circle with center (—2, 2) and radius 4 


69.12 x?-1 


@ x=- 22 (1 


x = —1 isa solution. 
à 5 
32: 2» (V2) 


x = 4/2 isa solution. 


(b) x 


71. |x -1«2 
(a) x = 0: lo- («2 
| 42 
1< 2 
x = 0 isa solution. 


0) х=4 -1«2 


| 2 
342 


X — 4 is nota solution. 


291 
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Section 6.5 Systems of Inequalities 


1. graph 


3. The graph of an inequality with a < sign does not 
include the points on the graph of the corresponding 
equation. The graph of an inequality with a < sign does 
include those points. 


5.y«5-x 


Using a dashed line, graph y — 5 — x?, and shade the 
region inside the parabola. 


eja 
5 ` 
a4 ` 
I» ` 
› 
(2 Ч 
П 
` 
D 1 3 
-4-4 1—9 » Xx 
-4-3 Е 1 233 4 
1 -1 . 
П -2 ^ 
П 
7. x 2 6 


Using a solid line, graph the vertical line x — 6, and 
shade to the right of this line. 


0 
N 
nN 
a+ 
© 
© 


9. y > -7 
Using a dashed line, graph the horizontal line y = —7, 
and shade above the line. 


1l.» «2-x 
Using a dashed line, graph y = 2 — x, and then shade 
below the line. (Use (0, 0) as a test point.) 


4 A 
^ 4T 
^ 
х 
мм 34 
^ 
^ 
24 
^ 
IO 
х 
E—4 t+» х 
М 
2221 1 243 4 
s 
х 
` 
-24+ ` 
32 


13. 2y- х2 4 
Using a solid line, graph 2y — x = 4, and then shade 
above the line. (Use (0, 0) as a test point.) 


15. x! + (у - 3 «4 
Using a dashed line, sketch the circle 
x + (у= 3) = 4. 
Center: (0, 3) 


Radius: 2 
Test point: (0, 0) 


Shade the inside of the circle. 


y 
\ 
7+ 
6 
p 
e 44 Ч 
| 37 d 
Ы o 
= p" 
bp 
c tot » x 
-4 -3 -2 ES 12 3 4 
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27. The line through (—5, 0) and (-1,0) is y = 5x +5. 
x +l The shaded region below the line gives y < 5x + 5. 


17. у»- 


2 
Using a solid line, graph y = -— 
x 


. Use (0,0) asa 
+1 


29. The line through (0, 2) and (3,0) is y = -2x + 2. 


test point. Then shade above the curve. The shaded region above the line gives y 2 -2y +2. 
" 
st , 
ni 31. xtysl 
di -х+у<1 
alli 1 y20 
-5-4-3 WEE и 
NF First, find the points of 
-37 intersection of each pair (1,0) 
-4- . 
ES! of equations. 
19. y x2- 1 
Vertex A Vertex B Vertex C 
x+y=l1 х+у=1 -х+у=1 
—x + у= 1 уз 0 y= 0 


(0,1) (1, 0) (-1, 0) 


П 
a 
| Un 
m o 
a 


33. |-Óx + 2y < 6 M 
2 2 
21. зу + 2x° -520 x= ay > 2 
у> 5-2х? 2х + y< 3 
у> 3(5 Е 2х?) First, find the points of 
(3 " intersection of each pair 
y2$y-X of equations. 
Vertex A 
—3х + 2y = 6 
= x - 4y = -2 
-2,0 
23. y 2 -In(x - 1) ( | 
Vertex C 
x — 4y = 2 
8 2x + y = 3 


5 
4 


25. y « 2* 


6 
E ЮУ 
-2 


Note that B is not a vertex of the solution region. 


5 
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35. 


37. 


Chapter 6 Systems of Equations and Inequalities 


2x + 
6x + 


The graphs of 2x + y = 2 and 6x + 3y = 2 are 


y> 2 


Зу < 2 


parallel lines. The first inequality has the region above 
the line shaded. The second inequality has the region 
below the line shaded. There are no points that satisfy 
both inequalities. 


No solution 


lA 
© 


2х — Зу > 
c + у 
2х - 3у = 7 
5x + у= 9 > у= -5х +9 


2х – 3(—5х + 9) = 7 


2х + 15х- 27 = 7 
17х = 34 
x-2 


y = -5(2) + 9 = -1 


Point of intersection: (2, —1) 


41. 


43. 


з 
N 
+ 
У 
ІЛ 
N 


+ 
IV 


IV 
о 


y 


First, find the points 
of intersection of each pair 
of equations. 


Vertex A Vertex B 
xX +y=7,x = -2 r+y=7,y=0 
4+ у = 7 х? = 7 
у= 3 x= AIT 
(2,3) (V7, 0) 
Vertex C 
хэ-2,у-0 
(2.0) 
| -y»0 y 
A 
х- > 2 yee 
y : Ne 
Points of intersection: qum «Ё 
2 = +2 ‚^^ di 
у =y Cd m 
- -2-:-0 ` 4 Ё 
у-у ab sd 
(y + (у - 2) = 0 7-1) “98 
уз-12 2 = 


9 2 2 
—y + = 25 
167” 
9y? + 16y? = 25(16) 
y? 216 
у= +4 » Xx 
3 
x2—(42x23 
2 
3 
хэ-(-4)-эхэ-3 
ay 


Points of intersection: (3, 4), (-3, —4) 
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51. Line through points (6, 0) and (0, 6): y 26- x 


« 64 


55. Rectangular region with vertices at 


(4. 3), (9. 3). (9, 9), (4, 9) 


x2 


x 


У 


I^ 


IV 


45. |у € Эх + 1 
y > x! + 1 
7 
-5 7 
2 
47. y < -хї + 2x + 
y» x - 4x + 
5 
-4 8 
-3 
49. | x | 
. xy 21> yz 32 
0«x € 4 
y < 4 


59. (a) 


4 
9 
3 
9 


ys 


This system may be 


written as: 


нэ” 


3sys9 


(4, 9) 


(9, 9) 


57. Triangle with vertices at (0, 0), (6, 0), (1, 5) 


(0, 0), (6, 


Demand = Supply 
50 — 0.5x = 0.125x 
50 = 0.625x 

80 = x 

10 = p 


Point of equilibrium: (80, 10) 


Œ Consumer Surplus 
C3 Producer Surplus 


p 
A 


50 


(80, 10) 


T—1—31—31—31—31—3—39- 
10 20 30 40 50 60 70 80 


0): y 
(0, 0), (1,5): y = 
‚5): у 


(60), (Ь 5): » = 
у 2 0 
y 5 5x 
y S -x + 6 


0 T 


1 
6+ 
54. 
4+ 
3.4 
2+ 


(0, 0)| 


5.6 7 


(b) The consumer surplus is the area of the triangular region 


defined by 
р 5 50 - 
p 2 10 


x 2 0. 


0.5x 


Consumer surplus = 4(base)(height) = 4(80)(40) = $1600 


The producer surplus is the area of the triangular region 


defined by 
0.125x 
10 
0. 


IV 


P 


P 
x 


I^ 


IV 


Producer surplus = 4(base)(height) = 2(80)(10) = $400 
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61. (a) Demand - Supply (b) The consumer surplus is the area of the triangular region defined by 
140 — 0.00002x = 80 + 0.00001x p < 140 - 0.00002x 
60 = 0.00003x p 2 100 
2,000,000 2 x х = 0. 
100 = p 


Consumer surplus = 4(base)(height) 
Point of equilibrium: (2,000,000, 100) 


EN: 
ADU - 2(2,000,000)(40) 
Е ! C1 Producer Surplus = $40,000,000 
ii p = 140 — 0.00002x The producer surplus is the area of the triangular region defined by 
1204 (2,000,000, 100) p 2 80 + 0.00001х 
"€ p < 100 
" x 2 0. 
p = 80 + 0.00001x 
ө лы” Producer surplus = +(base)(height) 
63. x = amount in smaller account 65. x = 8(2:0000 0129) 
y = amount in larger account y= PARP PPh airs 
Account constraints: x+ Зу < 12 Assembly center 
x+y 5 20,000 $x + Зу < 15 Finishing center 
j z 2x x 2 0 
x 2 5,000 у> 0 
y 2 5,000 


67. (a) x = number of ounces of food X 


y = number of ounces of food Y 


180x + 100y 2 1000 (calcium) 
6x + y 2 18 (iron) 
220x + 40у 2 400 (magnesium) 
x 2 0 
y 2 0 


(b) Answers will vary. Some possible solutions which would satisfy the minimum daily requirements for calcium, iron, and 
magnesium: 


(5,10) = 5 ounces of food X and 10 ounces of food Y 
(4,12) = 4 ounces of food X and 12 ounces of food Y 


Either of these will satisfy the minimum daily requirements of the dietician's special dietary diet plan. 
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69. (a) Let x = number of bags of gravel y 
Let y — number of bags of stone. 
The delivery requirements are: 
x 50 
y 40 
55x + 70у < 7500 


IV 


IV 


4 4 4 n 3-э-Х 


20 40160 80 100 120 


(b) The points (60, 60) and (70, 52) lie in the solution region. These values would represent the number of bags of each 
type of fill while maintaining the maximum weight capacity of the truck. The first (60, 60) is to ship 60 bags of gravel 
and 60 bags of stone. The second (70, 52) is to is to ship 70 bags of gravel and 52 bags of stone. 


71. True. The figure is a rectangle with a length of 9 units 81. f(x) = 2x? + 5x 


and a width of 11 units. , - 
Relative minimum at (—1.25, —3.13) 


83. у(х) = xvx +1 


75. Test a point on each side of ће line y = —x + 3. Relative minimum at (—0.67, —0.38) 


73. False. For example, (0, 0) satisfies both inequalities. 


Because the origin (0, 0) satisfies the inequality, the 


. (l1 8 
solution set of the inequality lies below the dashed line. 85. (1,1), (5, 8) 


8-1 7 
77. y = -3x + 6 (a) Slope = 1 EC 
Slope: —3 
y-intercept: (0, 6) (b) distance = J/(5 її + (8 1)? = VEP 
› = J65 
1 
87. (-7,-4),(-3,-5) 
-4-(-5)_ d 1 
a) SI = = = – 
bz aa тэг а 
"s (b) Distance = 4 7-( Э| «[ 4-( 5] 
= /(-4) + P 
79. 8х + 2у --3 = J7 
2y = -8x -3 
= -4х-3 89. (1,12), (-5, 12) 
Slope: -4 (а) Slope = = : 5 -0 
y-intercept: (0, -3) 
у (b) Distance = Л - C3] + 12 - 12} 
| = 4/62 + 0° 
= 6 
i34 91. (12, 10), (-12, -10) 
10 – (-10 
(a) Slope = ( )_ 20 5 
12-(-12) 24 6 


(b) Distance = [2 = (-12)] + [10 ~ (-10)]? 
\/576 + 400 
4/61 
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Section 6.6 Linear Programming 


1. objective 11. z = 3x + 2y 
3. To find the vertices of the region corresponding to the At (3,0): z = 3(3) + 2(0) = 9 
system of constraints in a linear programming problem, 
find the points of intersection of the graphs of the 
equations. The maximum value is 24 at any point on the line 

3x + 2y = 24, that is any point on the line segment 


between (0, 12) and (8, 0). 
At (0, 5): z = 4(0) + 3(5) = 15 , 
1 


The minimum value is 9 at (3, 0). 


5 2 = 4x + 3y 


> 
= 
— 

D" o 
© © 
хаос m. 
ч N 
ll I 
A 
= 
© 
— 
t 
чо 
A 
© 
32 
ll 
о 


4(5) + 3(0) = 20 
The minimum value is 0 at (0, 0). 


The maximum value is 20 at (5, 0). 


At (1,0): z = 2(1) + 5(0) = 2 13. z = 4x + 5y 
At (4,0): z = 2(4) + 5(0) = 8 At (10,0): z = 4(10) + 5(0) = 40 
At (3, 4): z = 2(3) + 5(4) = 26 At (5, 3): z = 4(5) + 5(3) = 35 
At (0,5): z = 2(0) + 5(5) = 25 At (0,8): z = 4(0) + 5(8) = 40 


The minimum value is 2 at (1, 0). The minimum value is 35 at (5, 3). 


The maximum value is 26 at (3, 4). The region is unbounded. There is no maximum. 


9. 2 = 10x + Ty 
At (0, 20): z = 10(0) + 7(20) = 140 


( 
At (30, 45): z = 10(30) + 7(45) = 615 
At (60, 20): z = 10(60) + 7(20) = 740 
At (60, 0): z = 10(60) + 7(0) = 600 
At (0, 45): z = 10(0) + 7(45) = 315 РЕТТЕ 
The minimum value is 140 at (0, 20). At (16,0): z = 3(16) + 0 = 48 
The maximum value is 740 at (60, 20). At (60, 0): z = 3(60) + 0 = 180 


At (72,132) z = 3(7.2) + 13.2 = 348 
The minimum value is 34.8 at (7.2, 13.2). 


The maximum value is 180 at (60, 0). 


18 
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17. 


19. 


21. z = 


2 = х 

At (60,0): z = 60 
At (12,132: z = 72 
At (16, 0): z = 16 


The minimum value is 7.2 at (7.2, 13.2). 


The maximum value is 60 at (60, 0). 


18 


(0, 0) 


Figure for Exercises 19-21 


At (0, 5): z = 0 + 5(5) = 25 


( 

At (2 э). 2 = 22 + 5(1°) _ 139 
| 
( 


3 6 


2L 9): z = 4 + s(0) = 4 
At (0,0): z = 0 + 5(0) = 0 
The minimum value is 0 at (0, 0). 


The maximum value is 25 at (0,5). 


( 

At (22 19). == 422) 4 5(!2) ES ан 
( 

At (0,0): z = 4(0) + 5(0) = 0 
The minimum value is 0 at (0, 0). 


The maximum value is 21 аї 2, 19). 


23. 


25. 


27. 
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Figure for Exercises 23-25 

z=x+2y 

At (4,3): z = 4 + 2(3) = 10 

At (12, 5): z = 12 + 2(5) = 22 

The minimum value is 10 at (4, 3). 

There is no maximum value, the region is unbounded. 
Z=x-y 

At (4,3): :2-4-3-1 

At (12, 5): z = 12-5 = 7 

There is no minimum value. 


The maximum value is 7 at (12, 5). 


Objective function: z = 2.5x + y 


Constraints: 
х2 0, у 20,3x c 5y < 15,5x + 2y € 10 


At (0,0): z 20 
At (2,0): z = 5 
м (88) 5-85 
At (0, 3): 2 = 3 


The minimum value is 0 at (0, 0). 


The maximum value of 5 occurs at any point on the line 


segment connecting (2, 0) and (20, s), 
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29. Objective function: z = —x + 2y 35. x = number of audits 
Constraints: х 2 0, у 20, x < 10,x+y <7 y = number of tax returns 
At (0, 0): z = -0 + 2(0) = 0 Constraints: 3 
At (0,7): z = -0 + 2(7) = 14 60x + 10y < 780 
16x + 4y < 272 
At (7,0): z = -7 + 2(0) = -7 
x20 
The constraint x < 10 is extraneous. y20 


The minimum value is —7 at (7, 0). Objective functi 
jective function: 


The maximum value is 14 at (0, 7). R = 1600x + 250y 


5 


Vertices: (0, 0), (13, 0), (5, 48), (0, 68) 


( 
At (13,0): R = 1600(13) + 250(0) = 20,800 
( 


At (5, 48): R 


11 
= 
е 
© 
© 
@ 
— 
| 


+ 250(48) = 20,000 
At (0, 68): R = 1600(0) + 250(68) = 17,000 


s A maximum revenue of $20,800 occurs when the firm 
31. Objective function: z = 3x + 4y conducts 13 audits and 0 tax returns. 


Constraints: х20,у20,х-у512х-у24 
37. x = number of bags of Brand X 


The feasible set дай y = number of bags of Brand Y 


Constraints: 3x + 9y 2 30 
3x + 2y > 16 
7x + 2y 2 24 
x20 
y20 
Р Objective function: C = 25x + 15у 
Vertices: (0,12), (4, 2), (2, 5), (10, 0) 


33. Objective function: z = x + y 


At (0,12): С = 25(0) + 15(12) = 180 
Constraints: x 2 9,0 < y € 7, -x + 3y € -6 

At C= = 
At (9,0): 2 2940-9 (4, 2): C = 25(4) + 15(2) = 130 
At (9,1): z =9 +1 = 10 At (2, 5): C = 25(2) + 15(5) = 125 


At (27,7; 2 = 27 +7 = 34 At (10,0): C = 25(10) + 15(0) = 250 


To minimize cost, use two bags of Brand X and five bags 


The solution region is unbounded. 
of Brand Y for a minimal cost of $125. 


The minimum value is 9 at (9, 0). 


There is no maximum value. 


5/10 15 20 25 30 35 40 45 
(9, 0) 
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39. x = number of model X 


y = number of model Y 


Constraints: 
3x + 4y < 6000 Assembling 1500 A(O. 1500) 
Зх + 2.5y < 4200 Finishing е а: 
D 
Р : 
0.8x + 0.4у < 950 Packaging — 
x20 500 
y20 (1187.5, 0) 


Objective function: P = 300x + 375y 
Vertices: (0, 0), (1187.5, 0), (868.75, 637.5), (400, 1200), (0, 1500) 
At (0, 0): P = 300(0) + 375(0) = 0 

At (1187.5, 0): P = 300(1187.5) + 375(0) = 356,250 

At (868.75, 637.5): P = 300(868.75) + 375(637.5) = 499,687.5 

At (400, 1200): P = 300(400) + 375(1200) = 570,000 

At (0, 1500): Р = 300(0) + 375(1500) = 562,500 

For a maximum profit of $570,000, the company should produce 400 units of model X and 1200 units of model Y. 


41. True. The objective function has a maximum value at any point on the line segment connecting the two vertices. Both of these 
points are on the line у = —x + 11 and lie between (4, 7) and (8, 3). 


43. The solution region is unbounded (x + y 2 1), so no maximum value exists. 


45. Ifa linear programming problem has an objective 4. | х - y -z = 0 Equation 1 
function z = 3x + 5y and an infinite number of optimal x + 2у -— = 8 Equation 2 
solutions ru the slope of the line MSS d Pd 2x = $ Equation 3 
18 m = ——,thatis 2 = 3x + 5y > y = ——x — =z. 

5 5 5 x- y-z=0 
47. -x+ у + т = 3 Equation 1 3y = 8 -Eq. 1 +Eq.2 
2x — 3y + 2z = -4 Equation 2 2y + z = 5 -2Eq. 1+ Eq. 3 
x- y - 22 = 7 Equation 3 у= # 
нак: a= =з 1-5-2у-5 2(8) 1 
= y + 4z = -10 2(Eq. 1) + Eq.2 
Ж NE) di Solution: E Я 3 
- y + 4z = -10 33 3 
- 2 = 4 Eq. 1 + Eq. 3 
2--4 
-у + 4(-4) = -10 
-y 26 
y =-6 
-x-6-4=-3 
my 
x=-7 


Solution: (—7, –6, -4) 
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51. |-x + 2w = 1 Equation 1 
4y - z- юу = 2 Equation 2 
y - w= 0 Equation 3 
3x — 2y + 3z = 4 Equation 4 
=X + 2w = 1 
y - жи = 0 Interchange Eq. 2 and Eq. 3 
4y - z- we=2 
-2y + 3z + 6w = 7  3Eq.1+Eq.4 
x - 2w = -l 
y - w = 0 
-z 4. 3w = 2 —4Eq. 2 + Eq. 3 
32 + 4w = 7 2Eq. 2 + Eq. 4 
x - 2w = -l 
y = w= 0 
2 - 3w = -2 —Eq. 3 
Bw = 13 3Eq. 3 + Eq. 4 
wzl 
2 = —2 + Зу = 
y=wel 
х= 20-1 = 1 
Solution: (1, 1, 1, 1) 
Review Exercises for Chapter 6 
l |х-ул 2 5. | 05x + у = 075 > y = 0.75 — 0.5x 
с PEN fee = 45у = -2.5 
id ec 1.25x — 4,5(0.75 — 0.5x) = -2.5 
ehe 125x — 3.375 + 225x = -2.5 
йл, 3.50х = 0.875 
yd x = 0.25 
Solution: (1, 1) y = 0.625 
3. la mc 2 Е ЧЕТЕТЕ, Solution: (0.25, 0.625) 
8х+у- 17 = 0 Эг 25 
8x + (4x -1) -17 = 0 x y 212x-y4l 
12x = 18 
a (241) - у =9 
2 2y 4129 
4-7-10 fy 
-y+5=0 x=5 
у= 5 


Solution: (5, 4) 
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11. 


13. 


15. 


Review Exercises for Chapter 6 303 


y = 2x? 17. |y = 2 + logx 
| = хі - 20 5 202 = х - 2x? | = ix +5 
gar – 4х2 No Solution 
0- x(x - 4) и 
0 = x(x + 2)(х -2) > х = 0,-2,2 
x = 0:y = 2(0) = 0 Ё : 
х= -2y = 4-2) =8 И 
х= 2:у = 2Qy = 8 A 


Solutions: (0, 0), (2, 8), (2, 8) 


2x = y 
x + 5y = 


Point of intersection: (4, —2) 


10 
-6 


4x + 1 


у = 2x? = 
у = x - 4x + 3 


-3 -2 -1 3 
=3 T (1.41, 20.66) 


y = -267 
20 + y 202 y--2e 


Point of intersection: (0, —2) 


2 


21. 


23. 


8 


0.68a + 13.5 > 0.78a + 11.7 
1.8 > 0.la 
18 >a 


The BMI for males exceeds the BMI for females after 
age 18. 


21 + 2w = 68 
w= 5 
8 = 
21 + 2(8)/ = 68 
34 
34] = 68 
1=18 
w = $1 = 16 


The width of the rectangle is 16 feet, and the length is 
18 feet. 


2x - y = 2 =16х - 8y = 16 
бх + 8y = 39 > бх + By = 39 
22x = 55 
2 55_ 5 
БЕЯ 
Back-substitute х = - into Equation 1. 
5 = 
20)-»-2 
y=3 


Solution: (3, 3) 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


304 Chapter 6 Systems of Equations and Inequalities 


25. |3х — 2y = 0 33. 22 + 0.00001x = 43 — 0.0002x 
3x + 2y = 0 0.00021x = 21 
= _ 53 
Add the equations 6x = 0 > x = 0. x = 100,000, p = 2 
Backsubstinite шо Equation l Point of Equilibrium: (100,000, 23) 
3(0) -2y = 0 
2у = 0 35. x — 4y + 32 = 3 
у= 0 -y + z= -l 
Solution: (0, 0) z= —5 
-y+(-5) = -l>y = +4 
27. |1.25х -2y = 352 5x-8y = 14 x-4(-4)+3(-5) = з= х = 2 
5х-8у = 14 >-5x+8y = -14 
E 0 Solution: (2, —4, —5) 
There are infinitely many solutions. 37. |4х — 3y - 2z = -65 
Let y = a, then 5x – 8а = 14 > x = $a + 14, 8y — 72 = -14 
z = 10 
Solution: (8а +12, а) where а is апу real number. 
8y – 7(10) = -14 > y =7 
шон x+5y 4 4х — 3(7) - 2(10) = -65 > x = 6 
Ыы ae i ee eb Solution: (-6, 7, 10) 
8y = 2 Bye -i 
39. x + 2у + 62 = 4 Equation 1 
Matches graph (d). The system has one solution and is -3x ày = X icd Equation 2 
consistent. 
4x + 2z = 16 Equation 3 
Е y = -7=-3х+у = -7 gea ЛЭ» ТЭР” 
сары Жэ сл эг ee и 8y + 17: = 8  3Eq14 Eq.2 
uU -8y - 222 = 0 -4Eq.1+Eq.3 
Matches graph (c). The system has infinitely many xc. Dy X. бй т Å 
solutions and is consistent. 
8y + 17z = 8 
me y=7> 6x-2y = 14 -5z = 8  Eq2-Eq.3 
-бх + 2y = 8 S>-6Ox+2y = 8 x + 2y + 6 = 4 
Ld Sy + 172 = 8 
Matches graph (b). The system has no solution and is 2325 -3 -lEq.3 
inconsistent. 
8у + 17-8) =8 > у = 2 
32. 2x — y = 3>10x — 5y = -l5 5 Ё ji 
x+ 5у = 4> x+5y= 4 wee ecd 
= — = — ion: (24 22 8 
Их 15 х Ї Solution: (74, 22, -%) 


Matches graph (a). The system has one solution and is 
consistent. 
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41. |2x + 6z = -9  Equationl 
3x = 2y + 112 = -16 Equation 2 
3x - y + 7z = -ll Equation 3 
-x + 2y = 5z = 7 (-1)Ва.2 + Eq. 1 
3x —- 2y + 112 = -16 
3x - y + 72 = -ll 
=х + 2у — 52 = 7 
4y - 42 = 5 3Eq. 1 + Eq. 2 
5y = 8z = 10  3Eq.1+ Eq.3 
-x + 2y — 52 = 7 
4y - 42 = 
-3y = 0  (—2)Eq.2 + Eq. 3 
-х + 2y - 52 = 7 
= 5 1 
y- :- $ (82 
жээ 
2229 d cn 
ын ЖЕ а= Жы 
5 3 
-x + 2(0) - 5(-3) = 7 > x =-3 
ione $23 5 
Solution: (-3. ,-i) 
43. |5x — 12у + 7z = 16| 15x - 36y + 212 = 48 
3x — Ty + 42 = 9>)/-15x + 35у - 202 = -45 
-у + z= 3 


Let z = a. Then y = a – 3 and 5x - (a – 3) + 7a = 16 > x =a — 4. 


Solution: (a — 4, a — 3, a) where a is any real number. 


45. y = ax? + bx + с through (0, —5), (1, —2), and (2, 5). 


(0, -5) -5 = C с = -5 
(L-2:)-22 аж b+ c>fa+b= 3 
(2, 5: 5 = 4a+ 2b+ c S + b= 5 
24) Ob = 5 

in - b= 3 

a = 2 

b= 1 


The equation of the parabolais y = 2x? + x — 5. 
10 
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47. x? + y? + Dx + Ey + F = 0 through (-1, —2), (5, –2), and (2, 1). 


49. 


(-1,-2): 5 D 2Е+Е=05| 1 + 2Е-Е = 5 
(5-2) 29+ 5D- 2E«F-0-—45D- 2Е+Е = —29 
(2, 1): 5+ 2D+ E+F=0>(|(2D+ E+F= -5 
From the first two equations 
6D = -24 
D= -4. 
Substituting D = —4 into the second and third equations yields: 
20 2E+F = -29—[2E + F = -9 
8+ Е-Е- 5 | Е Е = -3 
-3Е = -12 
Ё - 4 
F = -l 
The equation of the circle is x? + y? — 4x + 4y -1 = 0. 


To verify the result using a graphing utility, solve the equation for y. 


(x - 4x + 4) + (y +4y + 4) =1+4+4 


(х = 2) + (у +2) = 9 


(у + 2) = 9 - (х – 2) 
у= 2+ 419- (x - 2) 
Let y = 2 + 4/9 - (x 2) and y; = 2-4/9 - (x - 2). 


-6 


From the following chart we obtain our system of 
equations. 


A B C 
2 1 2 2 
Mixture X 5 5 5 
Mixture Y 0 0 1 
s 1 1 1 
Mixture Z 3 3 3 
: А 6 8 13 
Desired Mixture 27 27 27 
6 
5% + 32 = 77 кушей уы da 
d ux lord Cop? 77 
5 32 = 27 
2 1, 13 25 
set Taz = 57 ә У RF 


To obtain the desired mixture, use 10 gallons of spray X, 
5 gallons of spray Y, and 12 gallons of spray Z. 


X + y+ 21-18 Equationl 
y- 7z 20 Equation 2 
x + z=4 Equation 3 


Solve Equation 3 for x: x = 4—z 


Solve Equation 2 for y: y = 7z 


Substitute x = 4 — z and y = 7z into Equation 1. 


(4-z)+7z+2z 
72 
2 


x 


y 


18 
14 
2 
4-2-2 
7(2) = 14 


So, there are 2 par-3 holes, 14 par-4 holes, and 2 par-5 holes. 
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51. Let x — amount invested at 796 
y = amount invested at 9% 
z — amount invested at 1196. 


y = x — 3000 and 
z = x — 5000 > y +z = 2x — 8000 


x+ y+ z= 40,000 
0.07х + 0.09y + 0.llz = 3500 
y+ z= 2x — 8000 
x + (2x — 8000) = 40,000 > x = 16,000 
y = 16,000 — 3000 = y = 13,000 


z = 16,000 - 5000 = z = 11,000 
So, $16,000 was invested at 7%, $13,000 at 9%, and 
$11,000 at 11%. 


53. 5 = 1а + vof + 50 


When ¢ = 1: s = 134: lal) + vo(1) + 5 = 134 = a + 2v + 2s, = 268 


ll 
КУ 
ta 


When / : s = 86: la + w(2) + s; = 86 = 2a + 2v + s, = 86 


When ¢ = 3: s = 6: їа(3у + %(3) + so = 6 => 9a + бу, 286 = 12 


а + 2v + 25) = 268 
2a + 2v + So = 86 
9a + буу + 2s = 12 
а + 2w + 25) = 268 
-2w = 3s = 450 (-2)Eq.1+Eq.2 
-12v = 16s) = -2400 (-9)Eq. 1+ Eq. 3 
а + 2vy + 25) = 268 
—2v - (35) = -450 
Зу, + 4s) = 600 (-1)Eq. з 
а + 2w% + 25% = 268 
—2v, = 35 = -450 
-8) = -150 3Eq. 2+ 2Eq. 3 
—sy = —150 8) = 150 
-2v — 3(150) = -450 vy = 0 


а + 2(0) + 2(150) = 268 = а = -32 


The position equation is 5 = i)? + (0) + 150, or s = —16t7 + 150. 


3 3 A B 4-х А B 
55. = = + 59. Е + 
x? + 20x x(x + 20) x x + 20 x? + 6x + 8 x+2 х-44 
4 — x = A(x + 4) + B(x + 2) 
p SON ы. Ж у сы; Let 2:62242 4-3 
`9 = 5х? x*(x — 5) x | x? i x-5 Ste VT Б 


Let x = —4: 8 = -2B > В = —4 


4-x | 3 4 
х? + 6x + 8 x+2 х+4 
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61. 


63. 


65. 


Chapter 6 Systems of Equations and Inequalities 


2 


x 2x — 15 
= 1 
x? + 2х – 15 x? + 2х — 15 
-2х-15 _ А М В 
(х + 5)(х- 3) x+5 x-3 


-2x +15 = A(x – 3) + B(x + 5) 


Let x = 525 = -84 > 4 = -2 


TIS m ЭЭ. 


x? 21 25 Р 9 
xi-2x-15 0 8(х + 5) 8(x-3) 
x? + 2x x? + 2x 
x-x-x-1 (x 1)(x? * I) 
A Вх +С 
x-1 х2 +1 


x? + 2х 


ll 


A(x? + 1) + (Bx + C)(x - 1) 


Ax? + A+ Вх? - Bx + Cx -C 
(A + B)? + (-B + C)x + (4 – C) 


ll 


Equating coefficients of like terms gives 1 = А + B, 2 =-B+C,and0 = A - С. 


3 


1 3 
Adding both sides of all three equations gives 3 = 24. So, A = 2 В = E. and C = п 


3 1 3 
x? + 2x 2 аА 
x-x-4-x-1 x-1 xX +1 
1411 3 x-3 
2\x-1 x +1 
3х? +4x _ Ax +B Cx + D 67. y 25 
2 R ИР 2 › 
(х +1) * (х +1) A 
3x? + 4x = (Ax + B( +1)+Cx+D T 
6+ 
= Ax + Bx? + (A + C)x +(B+D) e 
Equating coefficients of like terms gives 2 
0-4 »- Х 
3-3 -4 -2 2 4 
4=0+C>C=4 1 
0-340-0--3 6).у-5-2х 
3x? + 4x _ 3 4x —3 1 
2 2 
(3241) X! (24) 
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т. (x - 1. + (y - 3f «16 75. (2x - y < -l | 
1 
E -3х + 2y > 4 cii б 
1 
s+ y 0 21 05 
P 31 ” 
r 6 ч 72 
П 4T 3 (3.9) ^ * 
1 24 1 -je A er SOT ee EFE 
~ d 4-3 d 1234 
ана x , 
-4 -2 Ч ЭЭР?” 4 6 it 2-2 
724 Vertex A 
2x — y = -l > Ах - 2y = -2 
x + 2y 5 —3х + 2y = 4 > -3x + 2y = 4 
= < 
x + 2y < -— 
20 
А 2(2) – у 1 у 55 у= 5 
| (2.5) 
Vertex B 
-3х + 2у = 4 
y= 0 
-3x + 200) = 4 > x =-4 
4 
(-3.0) 
Vertex A 
Made 77. |y« x + 1 
E e joa y > x! - 1 
Rye y= Vertices: 
x+2()=2>x=0 x+l=x -1 
(0,1) 0=x? -x-2 = (х + 1)(х - 2) 

Vertex В х = -10гх = : N : 
x+2y = 2 у= 0 у= 3 d 2| ЗГ” 
y= сыў Q3) ж 9. 

` ет 
x + 2(0) = 2 з 24 „48 
` at 4 
х=2 021” 4-4 +> x 
cd =3 , ы a 23 4 
(2, 0) Кы | 
^ -24- 
^ 
Vertex C 
-хж2у-2 
y=0 
-x + 2(0) = 2 
x =-2 
(—2, 0) 
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79. |x? + y > 4 = y!» 4 - x: The region outside the circle centered at (0, 0) with radius of 2. 
r+ у < => у? < 9 - x The region inside and on the circle centered at (0, 0) with radius of 3. 
Vertices: 4x? = 9 – x? 1 
025 or 


The circles do not intersect, so there are no vertices. 


s44 
81. Rectangular region with vertices at: 87. Objective function: z = 3x + 4y 
(3, 1) (7, 1), (7, 10), апа (3, 10) Constraints: x 2 0 
x23 1 уг 0 
x<7 10 + 10) (7, 10) 2x+ 5y < 50 
y21 84 4x+ y < 28 
у €10 67 At (0, 0): z = 1 
This system may be и: At (0,10): z = 40 
written as: 24 
(3,1) (7,1) 
ied : ij At (5,8): z = 47 
2 4 6 8 10 
1<у<10 At (7,0: z 2 21 
The mini I 
83. (a) р | Œ Consumer Surplus . лүе 
© Producer Surplus is Oat (0, 0). 
175 
150 pro UE The maximum value is 47 at (5, 8). 
125 
100 (300,000, 130) 89. Objective function: z = 1.75x + 2.25y 


504. [p 70+ 0.0002x Constraints: x 2 0 
+ + + > х у 2 0 
100,000 200,000 300,000 2x 4 y > 25 
160 — 0.0001x = 70 + 0.0002x 3x +2у > 45 
90 = 0.0003х 
x = 300,000 units At (0,25): z = 56.25 | 
р = $130 At (5,15): 2 = 42.5 „ 
Point of equilibrium: (300,000, 130) At (15,0): z 22625 у 
18 
(b) Consumer surplus: 1(300,000)(30) = $4,500,000 The minimum value is 15 


26.25 at (15, 0). 2 


z fell = 
Producer surplus: 5(300,000)(60) = $9,000,000 Биш ий 


unbounded, there is no 
85. x = number of units of Product I maximum value. 


(15, 0) 
3 6 9 1215 18 21 24 27 


y = number of units of Product II 


y 


20x + 30у < 24,000 
12х + 8y < 12,400 !9* 


x20 1200 
y20 800 
400 


400 800 
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93. 


95. 


ы 
Il 


number of haircuts 


y = number of permanents 
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Objective function: Optimize R = 25x + 70y subject to the following constraints: 


x 2 0 
y 2 0 
(22)x+ (B)y < 24 = 2x + 7» < 144 


At (0,0): А = 0 
At (72,0): R = 1800 


At (0, 18). В = 1440 


y 


The revenue is optimal if the student does 72 haircuts and no permanents. The maximum revenue is $1800. 


True. Because y = 5and y = —2are horizontal lines, 


exactly one pair of opposite sides are parallel. The 
non-parallel sides of the trapezoid are equal in length. 
Therefore, the trapezoid is isosceles as shown below. 


The distance from (—4, 5) to (2, —2) is equal to the 
distance from (6, 5) to (8, —2). 


d, = Ja -2) + [5 – (-2)] = v53 
d, = (8-6 + (-2- 5) = Js 


There are an infinite number of linear systems with the 
solution (—8, 10). One possible system is: 


n +y = -22 


1 = 
sx ty = 6 


97. There are infinite linear systems with the solution Е 3) : 


One possible system is: 
3x + у= 7 
-6x + 3y = 1 


99. There are an infinite number of linear systems with the 
solution (4, –1, 3). One possible system is as follows: 


x + у + z= 6 
x + у - z= 0 


101. There are an infinite number of linear systems with the 


3 


solution (5. 2 2). One possible system is: 


2x + 2y = 32 


4 
-1 


x — 2y + z 


=x + y - z 


103. A system of linear equations is inconsistent if it has no 
solution. 
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Problem Solving for Chapter 6 


1. The longest side of the triangle is a diameter of the circle and has a length of 20. 
The lines y = 1х + Sand y = —2х + 20 intersect at the point (6, 8). 
The distance between (—10, 0) and (6, 8) is: y 
d, = NIC -(-10) + (8 – 0) = J/320 = 8/5 
The distance between (6, 8) and (10, 0) is: 
d, = (10 - 6) + (0 - 8} = V80 = 4/5 
Because (320) + (480) (20) 


400 = 400, 


the sides of the triangle satisfy the Pythagorean Theorem. So, the triangle is a right triangle. 


3. The system will have exactly one solution when the slopes of the line are not equal. 


ax + by = e = d.c 
у y b b 
c 1 
cx + dy = = -—x + 
ly f y 2 7 
а с 
—— Ф —— 
b d 
a с 
— + — 
b d 
ad + bc 
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Eq. 1 (b) 2x -3y = 7 Eq. 1 
Eq. 2 -4х + бу = -14 Eq. 2 
2x — 3y = 
14y = 28 —5Eq. 1 + Eq. 2 0= 2Eq. 1 + Eq. 2 
хэс deus The lines coincide. Infinite solutions. 
y= 2 Еа. 2 3 7 
| Let y = a, then 2x – 3a = 7 >x=-at+-— 
1 2 2 
41 
3+ Solution: E t A a) 
2 2 
E al py The solution(s) remain the same at each step of the process. 
2-1 123456 
-14 
31 
-4T 
x =5 4Eq. 2 + Eq. 1 
y -2 


Solution: (5, 2) 


7. The point where the two sections meet is at a depth of 10.1 feet. The distance between (0, —10.1) and (252.5, 0) is: 


d = (2525 - 0)? + (0 – (-10.1)) = ./63,858.26 
d = 252.7 
Each section is approximately 252.7 feet long. 
10 
(252500 | | (252.5,0) . 


-250 -50 50 250 
A (0, — 10.1) NN 


2x — 50y = 
2x + 50y = — 505 | -20 2x — 50y = 505 
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9. Let x = cost of the cable, per foot. 


Let y = cost ofa connector. 


бх + 2y = 15.50 > бх + 2y = 15.50 
b +2y = 10.25 —-3x - 2y = -1025 
3x - 5.25 

x = 1.75 

y= 2.50 


For a four-foot cable with a connector on each end, the cost should be 4(1.75) + 2(2.50) = $12.00. 


1 1 1 
11. Let X = —Y = —, and Z = — 
x y Z 


(a) 12_ apes Р yr a7 SS 12Х- 12У = 7 
x у 
= – 3 Oss 3X* 40 = 05 9X + 12Y = 0 
x у 
21X = 7 
gx 
3 
үсээ 
4 
1 1 
So, — => > x = 3 and – = y =—4 
x 34 
Solution: (3, - 4) 
o | 2 4 3 4 2X + Y - 3Z= 4 Eq.1 
x y 2 
а + 2 10 > 4X + 2Z = 10 Eq.2 
X 2 
2 + 8 2X + 3Y - 13Z = -8 Eq.3 
x y 2 
2Х + Y- 3Z- 
2Y+ 87= -2Eq. 1 + Eq.2 
4Y — 162 = -4 Eq. 1 + Eq. 3 
2X + Y- 32 = 4 
-2Y + 82 = 2 
0-0 2Eq. 2 + Eq. 3 
The system has infinite solutions. 
—a +5 
Let Z =a, then Y = 4a — 1 and X = 2^ 
1 1 1 1 -a+5 2 
Then — = а z = —,— = 4a – 1 y= , and 2 x= : 
2 ay 4a —1 x 2 -a +5 
2 1 1 1 
Solution: Я „— а + 5, =, 0 
-а +5 4а -1 а 4 
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13. Solution: (1, -1, 2) 


4x - 2y + 52 = 16 Equation 1 
x+ y = 0 Equation 2 
-х- Зу + 22 = 6 Equation 3 
4x- 2y + 5z = 16 
x + y = 0 
x + y = 0 Interchange the equations. 


(b) 


(d) 


4x- 2y + Sz = 16 


x + y = 
-6y + 5z = 16 -4Eq. 1 + Eq. 2 
5a – 16 Sa + 16 
Let Z = 4, then y = and X = ———. 
6 6 
А —5a + 16 5a – 16 
Solution: 2 ‚а 
6 6 
When а = 2, we have the original solution. 
4x — 2y + 5z = 16 
PX 3y 22 = .6 
-x - 2y + 22 = 6 Interchange the equations. 
{хз = 3y + 5z = 16 
SS 3y + 2z = 6 4Eq. 1 + Eq. 2 
-l4y + 13z = 40 
pet 13a — 40 44 -Иа + 36 
tZ=A4t = = | 
е en У l4 an l4 
. —lla + 36 13a — 40 
Solution: 1 ,d 
14 14 


When a = 2, we have the original solution. 


Lr m = 0 


x 3y + 2z = 6 


35: ack y = 0 
-2y + 22 = 6 Eq. 1 + Eq. 2 


Let Z — à, then y = a — 3 and x =-at3. 


Solution: (a + 3, a — 3, а) 


When а = 2, we have the original solution. 


Each of these systems has infinite solutions. 
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15. 1 = amount of terrestrial vegetation in kilograms А 


= amount of aquatic vegetation in kilograms 


a 
a +t < 32 
0.15a 2 1.9 


193a + 772t 2 11,000 


^ 


v 


La 


t—-T1]H——-— 
| 5 10|15 20 25 30 


17. x = milligrams of HDL cholestrol 
y = milligrams of LDL/VLDL cholestrol 


(a) [0 « y « 130 
x 2 60 
x+y < 200 


(c) y = 120is in the region because 0 « y « 130. 
х = Wis in the region because 60 < x < 200. 
x + y = 21015 not the region because x + y < 200. 

(d) Sample answer: If the LDL/VLDL reading is 135 and the HDL reading is 65, then X 2 бапа x + y < 200, 
but y x 130. 


(е) 1272 
x 


x+ y< 4x 
y < 3x 


165 
Sample answer: The point (75, 90) is in the region, and p = 22 < 4. 
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Practice Test for Chapter 6 


For Exercises 1—3, solve the given system by the method of substitution. 


l.(x + y 1 


3x = = 15 


= 
ы 
+ 
a 
= 
ll 
Ол 


2x- y+ 3-2 0 
5х+ 2y- z= -3 


4. Find the two numbers whose sum is 110 and product is 2800. 


5. Find the dimensions of a rectangle if its perimeter is 170 feet and its area is 1500 square feet. 


For Exercises 6-8, solve the linear system by elimination. 


6. (2x + 15y 4 
x - Зу = 23 


7. x+ y= 2 
38х – 19y= 7 


8. (0.4x + 0.5у = 0.112 
0.3х – 0.7у = 0.131 


9. Herbert invests $17,000 іп two funds that pay 11% апа 13% simple interest, respectively. If he receives $2080 іп yearly 
interest, how much is invested in each fund? 


10. Find the least squares regression line for the points (4, 3), (1, 1), (-1, - 2), and (-2, - 1). 


For Exercises 11—12, solve the system of equations. 


M. | x + y = -2 
2x — у + z= Il 
4у - 3z = -20 
12. (3x + 2y - Eg) cm 
6x — y + Sz = 2 


13. Find the equation of the parabola y = ax? + bx + c passing through the points (0, —1), (1, 4) and (2, 13). 


For Exercises 14—15, write the partial fraction decomposition of the rational functions. 


T 10x – 17 
"x -7x-8 


x!44 


xt + x? 
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16. Graph x? + y? > 9. 


17. Graph the solution of the system. 
6 
2 
0 


IA 


x+y 


IV 


x 


IV 


У 


18. Derive a set of inequalities to describe the triangle with vertices (0, 0), (0, 7), and (2, 3). 


19. Find the maximum value of the objective function, z = 30x + 26y, subject to the following constraints. 
x20 
у2 0 
2x + Зу € 21 
5x + Зу < 30 


20. Graph the system of inequalities. 


For Exercises 21—22, write the partial fraction decomposition for the rational expression. 


1-2х 
ж +х 


21. 


6x – 17 


21. ; 
(x -3) 
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CHAPTER 7 
Matrices and Determinants 


Section 7.1 Matrices and Systems of Equations 


1. row-equivalent 21.12 0 5 : -12 
: АЛ : 0 -2 7 
3. The coefficient matrix is the 2 x 2 matrix 
3 0 2 
-2 3 
| | 2x + 5z = -12 
6 
7 y - 2z = T 
5. Because the matrix has one row and two columns, its 6x + 3y = 2 
order is 1 x 2. _ 
23 912 30 0 
7. Because the matrix has three rows and one column, its 2 18 52 10 
order is 3 x 1. 
1 7 -8 0 -4 
9. Because the matrix has two rows and two columns, its 3 0 20 -10 | 
deris 2 x 2. 
ЕА 9x + 12у + 3z = 0 
11. Because the matrix has three rows and three columns, its 2x 18y 5z 2w = 10 
order is 3 x 3. x + Ty - 8 = 4 
Bo ep 3x + 2z = -10 
x + у = 2 


25. |-2 5 JE 0 = 


2-1: 7 | 3 -1 -8 
112 


15. (x - y + 22 = 2 Гб в 07 225775 -1 3 -7 6 
к - Зу + z = -l 27. 1 3 -7 64>]; 0 -l 25-00 
2x + у = d [4 -5 13 0 7 -27 27 
1 -1 2 : 2 Interchange Row 1 and Row 2. Then add 4 times the new 
4 23. S Row 1 to Row 3. 
: 10:0 P 6 | 
29. 
17. [3x - 5y + 2z = 12 uU. 
Pi - 72 = 10 ЗА a 2 | 
4 -3 6 


1 1-1 
31. 
l -2 | 
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15 4 ч 
33. 01 -2 2 
00 1 -7| 
-5R, + R ә |1 0 14 [+11 
01 -2 2 
0 1 -7 
| 1 I1 4 -1 
35. 3 8 10 
1-2. 1 12 6 
[1 1 4-1 
-3R +R > lo 5 |2 
28, т R, = |0 3 20 4| 
1 1 4-1 
1 2 6 
455 > |0 | EC E 
[o 3 [20] |4 
37. (а) [-3 4: 22 
6 -4 : -28 
(1) К+ К, ә |3 0: -6 
6 -4 : -28 
з 0: -6 
(i) -2R,* 0, ә |0 -4 : -16 
3.0: -6 
(iii) -iR,2|0 1: 4 
(iv) IR, > [10:-2 
0 1: 4 


The solution is x = —2 andy = 4. 


(b |-3х + 4y = 22 
бх — 4y = -28 


3x = -6 
x = -2 
Back-substitute x = —2 into —3х + 4y = 22. 
-3(-2) + 4y = 22 
4y = 16 
у= 4 


The solution is x = —2 andy = 4. 


(c) Answers vary. Sample answer: In this case, solving 
the system of linear equations using the elimination 


method was more efficient. 


39. 


41. | 


43. 


45. 


47. 


49. 


51. 
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[1000 
0 11 5 
0000 


This matrix is in reduced row-echelon form. 


1 10 5 
-2 -1 2 -10 
3 67 14 
[110 5 
2R +R, > 1012 0 
-3R +R; > |0 3 7-1 
110 
012 0 
-3R, +R; > |0 0 1 -I 
[1 -1 -1 I] 
5 4 18 
|-6 8 18 0| 
[1-1-1 I] 
-5R +R, > | 0 6 3 
6R +R; > | 0 2 12 6 
[1 -1 -1 1] 
0 1 3 
-2R,+R; > | 0 0 0 0| 


Use the reduced row-echelon form feature of a graphing 
utility. 


1 2 3 -5 1200 

1 2 4 -9 00 10 
> 

-2 -4 -4 3 000 1 

4 8 11 -14 0000 


utility. 


-12 1 100 
34 9|-10 10 
-2 00 1 


Use the reduced row-echelon form feature of a graphing 
utility. 


-3 5 1 12 10 3 16 
> 
1 -1 1 4 0 1 2 12 
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53. (x - 2y = 4 59. (3x – 2у = -27 
y = =1 x+3y= 18 
x - X-1) = 4 | -2 Ki 
х= 2 i 3 13 
Solution: (2, –1) ch 1 3 13 
m |3 243 
55. [x - y + 2z = г] 3 3 
pos Wm Rd > |0 -11 е6 
т=н 1з: 1 
у-(-2)-2 -iR > |0 1! 6 
pem х + 3у = 13 
x-0+2(-2) = 4 хөв" 
х= 8 y=% 
Solution: (8, 0, —2) 5516s 
57. | x + 2y = 7 Solution: (—5, 6) 
е 61. [x + 2) – 32 = -28 
[1217 Ду + 22 = 0 
1-1 1 8 x y z= -5 
[12 7 [ 1 -3 : -28 
Reh [0 $115 i » | 
[12 Д 11-1 -5| 
1 
358-9 $53 12 -3 | -28 
E cu “Бо gd 2 0 
y= 2 
R+R > |0 3 4: -3| 


x+ 2(5)=7 >x = -3 


Solution: (—3, 5 
( ) 0 1 Н 0 
11. 
-38, +R |0 0—1 -33 


0 1 ш 0 
2 
2 
—R, > 0 0 1 6 
11 
x + 2y — 3z = -28 
1 
+ —2 = 0 
i 2 
z= 6 
z=6 


x + 2(-3) – 3(6) = -28 > x = —4 


Solution: (—4, —3, 6) 
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63. 1-3х + 2y = -22 69. |-2x + бу = 22 
3x + 4y = 4 | х+2у= -9 
4x — 8y = 32 2 6: 22 
[3 2: -22 | i TET 
> 1 R 12: | 
цан. эн С, Е 6: -22| 
R+R > [1 -6 : 10 [ som xm 
Ж 2R + R, > Ё 10 : -40| 
4 -8 139 E 
1 2: -9 
] -6 10 
1055 > P 1 -4| 
-3R + R > (0 22 : -26 
-4R +R; > |0 16 i -8 ( + 2y = -9 
j oa 22] pons 
4R > |0 1: -8 y = —4 
iya 0 1: a x + 2(—4) = -9 > x = -1 
I 21 Solution: (-1, –4) 
0 13g т. (x - 3z = 2 
- +R > |0 0: 1| 3x + yp - 22 = 5 
The system is inconsistent and there is no solution. 2x + 2y + z= 4 
65. Use the reduced row-echelon form feature of a graphing bud es | Б: 
utility. 3 1-2: 5 
3x 2y 2 w= 0 22 1 4 
x y 4z 2w = 25 [10 -3 -2| 
2x y 2z w= 2 -3R + R э 10 1 11 
x y 2 w= 6 -2R + R > (0 2 8 | 
3 2 -1 1 0 10 0 0 3 10 -3 -2 
1-1 4 2 25 0100 -2 0 1 7 11 
2 1 2-1 2 = 00 10 5 —2R, +R; ә |0 0 -7 -14| 
1 1 1 1 000 1 0 10-3: -2 
х= 3 0 1 7 11 
уз-2 -38, + |0 0 1 2 
Pos х — 32 = -2 
цана y+7z=11 
Solution: (3, —2, 5, 0) ag 
ioe s =? 
e. И y*70)212 у= 8 
х= 3 x- 3(2) = 2 = х = 4 
у= —4 Solution: (4, –3, 2) 


Solution: (3, —4) 
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73. | x c 2y+ z= 8 75. |-x y z= -]4 

3x + 7у + 6z = 26 2x — y + z= 2l 

121: 8 3x 2y тол 19 
3 7 6 : 26 [-1 1 -1 : -14 
121: 8 2 -1 1: 21 
"m 13: | |3 2 1: 19] 
wu Wen aon 18 -R > 1-1 1 14 
2-1 1 21 

y+ 3z= 
3 2 1: 19 
Letz =a. T - 
1-1 1: 14 
у+ 3а = 2 > у = -За + 2 . 
-2R +R > |0 1-1: -7 
x+2(-3a+2)+a=8>x= Sa+4 : 

-3 +R; > |0 5 -2:-23| 
Solution: (5a + 4, —3a + 2, а) where a is а real number Prep 141 
0 1-1: -7 
-5R +R > |0 0 3: 12| 
1-1 1: 14] 
0 1 -l -7 
18, +» |0 0 1 4| 


yr-z=-7 
z= 4 
z=4 


y-4=-T>y=-3 
x- (-3) +4 = 14 5 х= 7 


Solution: (7, –3, 4) 


77. Use the reduced row-echelon form feature of a graphic utility. 


3x 3y 12z = 6/3 3 12 : 6 10 0 0 
x y 42 2 2) 1 1 4: 2 0 14 2 x= 
2x Sy 20z = 10} 2 5 20 : 10 = ооо 0 ], + 42 = 
x 2y 8z = 41-12 8: 4 ооо 0 
Let z=a 
у= 2 – 4а 
х= 0 


Solution: (0, 2 — 4a, a) where a is any real number 
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79. Use the reduced row-echelon form feature of a graphing 85. (да — 2b + c = -15 
utility. бусдын Np E АБ, = 7 
2x + у — z + 2w = -6 io Б. the pe SB 
3x + 4y + w= 1 
4 2 1 -15 100 - 
x + Sy + 2z + 6w = -3 ? 
are UNS, sudes Ae o 4 -1 1 7) => |0 10: -5 
1 1 1 -3 0 0 1 11 
21-1 2 —6 1000 1 К 
3-4 0 1 1 0100 US 
=> b = -5 
1 5 6 -3 00 10 
GR ESAE 53 00:50: 2 52:42 PI 
So, f(x) = -9x? – 5x + 11. 
x —1 
у= 0 87. х = amount at 8% 
2 = 4 у = amount at 9% 
w = —2 z = amount at 12% 
Solution: (1, 0, 4, –2) x + y + z = 2,000,000 
0.08x + 0.09у + 0.122 = 186,000 
81. Use the reduced row-echelon form feature of a graphing У Е ay uc 0 
utility. 2225 
3 Р E 1 1 1 i 2,000,000 
2x 3y X surnom 0.08 0.09 0.12 : 186,000 
3x 5y 2 = 0 1 0 -2: 0 
] 11 1: 0 10 20: 0 [1 1 1 : 2,000,000 
23 12: 00| -1 0: —0.08R; + R, |0 0.01 0.04 : 26,000 
3 51 0: 0 0 01: 0 —R, + К; |0 -] -3 : -2,000,000 
x + 22 = 0 [1 1 1 : 2,000,000 
y- z= 0 100R, — 10 1 4: 2,600,000 
w = 0 10-1 -3 : —2,000,000 
Let z = a. Then x = —2a and y = a. 111 2,000,000 
Solution: (—2a, a, a, 0) where a is a real number 0 1 4 : 2,600,000 
R +R 310. 0 1 600,000 
83. |a + b + с = 1 I 1 
The matrix is now in row-echelon form, and the 
4a + 2b + c = -1 corresponding system is shown. 
9a + 3b + c = -5 x + y + z = 2,000,000 
] 11: 1 100: -l y + 4z = 2,600,000 
4211-15 1010: I 2 = 600,000 
931 -5 001: 1 Using back-substitution, you can determine the solution. 
a=1 y + 4(600,000) = 2,600,000 
b=1 y = 200,000 
с-1 x + 200,000 + 600,000 = 2,000,000 
So, f(x) = -x? +x 41. x = 1,200,000 


So, the government borrowed 1,200,000 at 8%, $200,000 
at 9%, and $600,000 at 12%. 
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89. 


91. 


93. 
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831 


12b + 66a 
5643 


66b + 506a 
12 66 : 831 

66 506 : 5643 
Using a graphing utility, this matrix reduces to 
10: 28 

189 2 


The least squares regression line is y = 7.5t + 28. 


For 2024, = 15 and y = 7.5(15) + 28 = 140.5. So, 


there will be about 141 new cases in 2024. This seems 
reasonable because the pattern is linear. 


False. Itis a 2 x 4 matrix. 


The matrix is in row-echelon form, not reduced 
row-echelon form. 


Section 7.2 Operations with Matrices 


1. 


3. 


п. 


scalars 


BA is defined, not AB. 


-3 2 -l 3 -3 
(d 34 -2B = -2 - + 
-3 -1 8 6 -3 
6 0 3 8 -l 
A = ‚В = 
-] -4 0 4 -3 
(a) A + B is not possible. A and В do not have the 
same order. 
(b) A - B is not possible. А and В do not have the 
same order. 


Jte m2 

7 23 7 y 

x=-4 

y = 23 
1-1 2 -l 1+2 -1-1 

ean зл 
2 -l -1 8 2-1 -1+8 
1 -l 1-2 -1+1 

en БЕЛ 
2-1 2-1 -1-8 


95. 


97. 


99. 


101. 


103. 


Ц-2) + 0(1) + 3-1) = -2 - 3 = -5 
a + bi = —3 + 8i 

a=-3,b=8 

(a -—b)+(b+1)i = 6+ 5 


a-2=6>a=8 
р+1= 5 5 р = 4 


Зх+а = Ь 
3x = р-а 
x = Hb - a) 
6b-x=a 
—x = a — 6b 
x=6b-a 


. |16 4 x 4^ 16 4 2х+1 4 

02 40 0 2 3y-5 0 
х= 2х+1 5 х = –1 
4 = 3у –- 5 > у = 3 


(с) 34 18 0 9 
с = 
-3 -12 0 
(d) 34 — 2B is not possible. A and B do not have the 
same order. 
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8--1| 1 6 
13. 4-1 2 3|8-1-1 -5 
4 5| 1 10 
[8-1] [1 6 [8-41 -1«46 9 5 
(а) A+B=| 2 3|+|-1 —5|=| 2-1 3-5|=| 1 2 
|4 5] | 1 10] [441 5410 -3 15 
[8 -1]) [1 6] 8-1 -1-6 7 -1 
(b 4-8-12 3 1 -12-1-1 3-1-5|-13 8 
[4 5} | 1 10) | 4-1 5-10 5 
8 -1 3(8) 3(-1) 24 -3 
(03423 2 3|= | 3(2) 33) -| 6 9 
-4 5 3(-4) 3(5) -12 15 
24 -3 1 6 24s 3.2710 22 -15 
(d 34-2B-| 6 9|-2-1 —5|=| 6+2 9+10|=| 8 19 
-12 15 1 10 12-2 15-20 14 -5 
45 -1 34 10-1 1 0 
15. A = ‚В = 
1 2 -2 -1 0 -6 8 2 -3 -7 
5-1 34 10-1 1 01 [441 540 -1-1 341 4+0 
© ass=] Е |= | 
2 -2 -1 o| |-68 2 -3 -7| 6 2+8 -2+2 -1-3 0-7 
[5 5 2 4 4 
71-5 10 0 -4 -7 
45-134 10-1 1 0| | 4-1 5-0 -1-(-1) 3-1 4-0 
ъ 4-В8= б z 
1 2 -2 -1 0| [6 8 2-3 -7] [1-(-6 2-8 2-2 -1-(-3) 0-(-7) 
[3 5 024 
| 6 427 
(©) шл нй ЖА]... 3(4) 3(5) 3(-1) 230) 34] [215-3 9 12 
|12 -2 -1 of [3() 32) 32) 3(-1 3(0| |3 6 -6 -3 0 
12 15 -3 9 12 10-1 1 0 12-2 1540 -3+2 9-2 12-0 
(d 34 - 2B = -2 - 
3 6 6 3 0 -6 8 2-3 7 3412 6-16 6-4 -3+6 0-14 
_[0 15-1712 
7115 -10 -10 3 14 


3 + (2) +14 -6+(-l1) +6 


—24 
71-12 


22512572) 7 
EHE bard 
21. 


-4 


Pb 


0-14 n 5 E 


15 


=7 
-1 
12 
12 


32 


18 


2 1 | Е E | 


327 
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11223 -3 0 -1712 22 
23. 1L +6 = 
257] -4 2-342 11.56 10.24 
e 4.19 pos bs -3.02 Р E —5.39 Bi 


25. = 
7.21 —2.60 6.54 —0.38 —5.49 1.68 -14.04 10.69 –14.76 


—2 1 3 0 2 -4 
In Exercises 27-33, A = | mas = | | 


-1 0 4 30 1 
S NIE: o0 2 -4] [-4 2 6| fo 4 -8] [-4 6 -2 
27. X=24+2B=2 +2 = + & 
-1 0 4 30 ıl l-2 0 s| 60 2 4 0 10 
29. 2X -24-8 33. 4B = -2X a 2A 
X = 1(24 - B) 2X = -2A - 4B 
ES 
4-213 [o 2 < X = (-24 - 4B) 
Afa oal |3 0 1 (Ш-2 13 0 2 -4 
= 1-2 ша 
-4 2 6 0 2 -4 1 -1 0 4 3 0 1 
(в 0 4-1) 0 | [4 -2 -6 0 8 -16 
-4 0 10 ELE o -8| 12 0 4 
(32-50 7 of 4 20 10 
E 0 1 —2|-10 0 -12 
= 5 7 
-$01 _ 2-5 5 
-5 0 -6 
31, 2X +34=B 
2X = B -3A 
eT 
X = 1(B – 34) 


Il 
Cys 2011 
Ww WwW 

| 
сые 

| | 
ёс 
———— 4. 


35. Ais 3x2, B is 2x2 => AB is 3x2. 
-1 6 
4-1-4 5|В = Ё | 
M 0 9 
-1 6 ч —1)(2) + (6)(0) (-113) + (6)(9) -2 51 
АВ =|-4 5 | i = | (-4)(2) + (5)(0) (-4)(3) + (5)(9)| 2|-8 33 
0 3 (0)(2) + (3)(0) (0)(3)  (3)(9) 0 27 
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37. Ais 3x 2 and Bis 3 х 3. AB is not possible. 39. Ais 3x 3, B is 3x3 => АВ is 3x 3. 
5 o ols 90 роо 
AB=|0 -8 010--1 0|-|0 1 0 
ч 
о о7о 01 0047 


й 1 2], 2-1 Е (1)(2) + (2)(—1)  (0(-1) + (2)(8) Е 0 15 
по аве отт DOE QUUM 
[2 app (000609) 002 + C2] pa 2 
e mel 14] заг ar INA 
25: 1 2]1 2 _ (1)(1) + (2)(4) (1)(2) + 2)(2) _ 9 6 
ке -|, 1! | [M а НЬ 


2 у, Го) (Со) (200) + Cox) 
8.9 ав) of |+ [C300 +00 3x0) + 0 
1) + ( 0) + (6)(1 


27) 
7 6 


(b) BA is not possible, B is 2 х 2and A is 3 х 2. 
(c) AA is not possible, A is 3 x 2. 


4 -11-6 (-4)(-6) + (-1)(5) 19 
e [5 | A ls 
(b) BA is not possible, B is 2 x land 415 2 x 2. 


() 4 -| : | 4 | _ ! | д) 4(-1(2) C412 i xo 1 k E 


2: $9]. 2 12 2)(-4) + (122) | (2)(-1) 


7 [ 71) 70) 7(2) 7 Ug 
. (а) 21 1:21-1 80) 80) es 8 s 


-1 


ll 

| 
25) 
© 


4 


л 


4 


- 


7 
(b BA-[ 1 1 l = [(1)(7) + (148) (21-01 = [13] 


-1 


(c) 4? is not possible. 
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7 5 -4|2 -2 3 
49. -2 5 118 1 4 
8 


= 
EN 
ха 
ы 


[14+40-16 -14+5-8 21420332 
-|-4440-4 44542. -6+20-8 
20 -32 +28 -20-4-414 30-164 56 


70 -17 73 
-|3 11 6 
16 -38 70 
a з If 1 ofi 0 1 21 0 5 8 
"10 2] 2]2 4|] |4 -]2 4] |-4 -16 
4 0 -2 3] 2 3 
02-2 02-2 -4 10 
53. 0--11-1-3 51|- 3 4|- 
4 1 2 4 1 2 3 14 
-1 2 0 -5| -1 -1 
51 [7 -8 4 
-6 -1 9 
55. [3 -1 5 7] * + = [3 -1 5 7 
6 1 -9 - 
-5| 1-7 8 -4 
= [3(4) + (-1)(2) + 572) + 7(-4)] 
= [-28] 
2 3| х 5 1-2 3 х 9 
57. (a) Е 
14|» 10 59. (а) |-1 3 -1|х.(-1-6 
(b) |! 4 10] 2 -5 S|x 17 
R2 5| (b) [12 3 9 
1 4 10 VON PUN TE. 
-2R +R, > |0 -5 -15| 2 -5 5 17 
[1 4 10 1-2 9] 
-50 > 0-1 3 R+R ә (0 1 2 3 
-4R, +R > [1 0 2) -2R, + R > |0 -1 -1 : -l| 
-ig э |0 1 3| 2R +R > (1 0 7 15] 
2 0 1 2 
сан R +R > |0 0 1 2| 
—7Ё, + R > 0 0: 1 
-2R; + R > 10 1] 0: ч 
0 0 1: 2] 
I 
X =|-1 
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1 -5 21 х -20 ЯН ПР 90 70 M 99 77 | 
61. (а) |-3 1 -1|х|=| 8 40 20 60 60 44 22 66 66 
ы Ж! ds 125 100 75 
(1-5 2 į -20 ым ПР 175 | 
(b) =з Joe 38 = [$1037.50 $1400 $1012.50] 
Жойс : n. The entries represent the profits from both crops at each 
1 -5 2: -20 of the three outlets. 
ЗА, +R, ә |0 -14 5 —52 
0 2 5: -16| 
[1 -5 2 : -20 
-R;, + R ә |0 -12 0 : -36 
[0 -2 5 : -16| 
[1 -5 2 : =20 
-ŁR > o0 10% 3 
0 -2 5 i -16| 
5R +R > [1 02: -5 
0 10: 3 
28, + R ә |0 0 5 : -10| 
[1 02: -$| 
0 1075 3 
IR | 0 1: -2| 
-2R +R > (1 00 -1| 
0 3 
0 0 1 -2| 
-1 
X =| 3 
-2 


10 0.5 0.21115 13 $23.20 $20.50 
67. ST = |1.6 1.0 021112 11] = |$38.20 $33.80] The entries represent the labor costs at each plant for each size of boat. 


2.5 2.0 14||11 10 $76.90 $68.50 
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jumping weight 


69. (a) basketball rope lifting 


(c) 


71. 


73. 


75. 


77. 


8-1 0.25 0.5] 


472 563 
(b 84-12 0.25 0.5] 590 704 
177 211 
= [1180 1407.5] 
The resulting matrix ВА represents the total calories burned playing basketball for 2 hours, jumping горе for 15 minutes and 


lifting weights for 30 minutes by each person. So, the 130-Ib person burned 1180 calories, and the 155-Ib person burned 
1407.5 calories. 


18 min 18 min 3 45min 45 min 3 
lhr 60min 10 Ihr 60min 4 
472 563 
ВА = [122590 704| = [781.75 932.45] 
177 211 


The 130-pound person burned 1180 — 781.75 — 398.25 fewer calories. 
The 155-pound person burned 1407.5 — 932.45 = 475.05 fewer calories. 


False. For most matrices, AB # BA. 
Consider 
[-1 0 11 
А = B В = 
| 11 0 1 


“ЇЇ 
“ЇГ! 


So, AB # ВА. 


Answers will vary. Sample answer: 

(4 + By = | 3 " E M 7 | | 
+ Æ + 24В + В? = Ї il * } E Ё E i Г, 3l E Ё | 
Answers will vary. Sample answer: 

es [ JER HE 3 
СЕЕ ВЕ 
Же 2 

2 3 


eT ybi 


So, AC = BC even though A # B. 


79. The product of two diagonal matrices of the same order 
is a diagonal matrix whose entries are the products of the 
corresponding diagonal entries of A and B. 
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81. 


83. 


85. 


87. 


Answer will vary. Sample answer: 


MT 


р оо n] Годо) + OH (000 + 0900] [o 1 
ав = T 20) cos | 
го три 0] Годо + (о) (000) + 00). [o 1 
m. | 1 .. | | E 
So, AB = BA 
log; (15x) = log; (3 - 5 - x) 


= log; 3 + log; 5 + log; x 
= 1 + log; 5 + log; x 


Ina — Inb? = Ina — 3Inb 


5x -2y = 
5x + 4y = 


Subtracting the equations you get -6y = -6 > y = 1. 


2 Equation 1 
8 Equation 2 


Back-substitute y = 1: 5x - 2(1) = 2 > x = + 


Solution: (4, 1) 


Section 7.2 | Operations with Matrices 


Ax + у — z= -5 
-x = бу + 2z = -16 
x + Зу + z= 7 
4 1-1 -5 
-1 -6 2 -16 
1 3 1 7 
R| 1 3 1 7 
Č |-1 - 2 i -16 
R|4 1-4 -5 
1 3 1 7 
R +R, 3/0 -3 3 -9 
-4R, + R ә |0 —11 -5 33 
1 з. dq 7 
-18,-10 1 3 
0 -ll -5 -33 


13 1: 7 


ПА +R; |0 1 -l 3 

0 0 -16 : 0 
x+3y+z=7 
y-z=3 
—162 = 0 


-l6z=0>2z=0 
у-0-3-эту-3 
x+33)+0=7>5x=-2 
Solution: (-2, 3, 0) 
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Section 7.3 The Inverse of a Square Matrix 


1. inverse 


3. A square matrix that is singular does not have an inverse. 
2113 -1 6-5 -2+2 1 0 
5. АВ = = = 
5 311-5 2 15-15 -5 +6 0 1 
3 172 1 6-5 3-3 1 0 
-5 2]5 3| 140410 5+6] |0 1 
113 2| 4 2 1112-2 -6+6 1110 0 1 0 
7. AB = — = 1 = 1 = 
1 4-1 3] [4-4 -2-412| 10 10 0 1 


4 -2|3 2 12-2 8-8 10 0 1 0 
ВА = 1 — 1 zd = 
їр T i Ууз +3 -2+ al 0 M k | 


BA 


[2 -17 11 1 1 2] [2-34 +33 2-68-66 4451-55 100 
9. AB-|-1 11 -7||2 4 -3|-1-1-22-21 -1-44-42 -2-33-351-10 1 0 
10 з 2]3 6-5| | 6-6 12 - 12 -9 +10 0 0 1 
Г 21 2 -17 n] [2-1 -17-11-6 11-7-4 100 
ВА-12 4--311-1 11 -14-4 -34-44-9 22-28-6|-10 1 0 
| -51|0 3 -2| (6-6 -51-66-15 33-42-10 0 0 1 
[2 1|-1 3 -2 -2 
п. 4B =4 3 111-2 9 -7 -10 
ep rcc 41-20: 0-1 
[3-1 101 3-6 6 6 
|-2-0-2-3 6-0-0-6 -44+0-24+6 -4-0-2-6 1000 
_||-3+0+0+3 9040-6 -6404046 =640404 6) 0 100 
3 1-2-243 -449-0-6 2-7+2+6 2-10-2-6 0010 
[-3+2+1+0 9-9+0+0 -6+7-1+0 -6+10-1+0 000 1 
|-1 3 -2 -2][2 0 2 1 
pial? 9 -7 -10}}3 0 0 I 
гоч 11-1 1-2 1 
[3-6 6 6|[ 3 -l 10 
-249-2-6 0-0-2-42 -2+0+4-2 -1+3-2+0 10 0 0 
aa A ЗОО ТАО -4+0+14-10 -2+9-7+0| |0 100 
3 2+0+1-3 0-0-1-1 2-0-2-1 140-140 00 10 
| 6-18-6-18 0+0+6-6 6+0-12+6 3-6-6-0 000 1 
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13. и geb Е 


1 -2 10 
-2R +R > puce 1 


2R +R > [1 SUP 
oaia cq 


[3 1 1 0 
15 [4 : I= 
4 2:10 1 
[3 I1 1 0] 
ig > |21 0 4 
- +R ә |1 0 lst 
|2 1 0 i 
1 0 1-1] 
Заслын 
-2R +R > |0 1: 2 2 


11 1: 100 
17. [4 eo [3.5 4 io 
365:00 1 
[1 1 1: 100 
-3R +R ә |0 2 1:-310 
-3R +R ә |0 32:30 1 
[1 1 1 100 
iR > |0 1 4: -3440 
032 -3 0 1 
- +R > [1 0 4 i 
AT 
-3R, + R > |0 0 4 à -2 1 
-R +R > 100 I1 1- 
-R + R > |0 10:3 2-1 
001: $-$i 1 
поо: 1 1-1 
010:-3 2-2 
2R > |0 0 1: 3 3 2 
Spe 
1 1 -l 
4 2-3 2-1 
3-3 2 
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-5 0 100 -5 0 0 100 -5 0 0 100 
19. [4 : 1] =|2 00:010 2 0 0:0 1 0/2R,+5R, >|0 0 0:250 
-1 0 0 1/R,+2R; >| 0 1014 : 0 12 0 10 14 0 12 


Because the first three entries of row 2 are all zeros, the inverse of A does not exist. 


-8s 00 0:10 0 0]-4R—>|1000: 9170-0. 0 
bp 1 0 0100 01900 0 10 бый а] 
0 4 0010| IR 20010 001 о 
[0 0 0 -5:00 0 1|-1%,—0 0 0 1 0 00-1 
Г 1 
-1 00 0 
0 0 0 
ao 
А = ne 
4 
1 
| ie 
[1 2 ч ЛЮ? bali ол 1 d -b 
23. А-13 7 -10 "^ le d! ad -bel-c a 
|-5 -7 -15 2:3 
[-175 37 -13 a 5 
4'-| 95 20 7 ad — be = (2)(5) - (3)(-1) = 13 
4 -3 1 
= 5 3 
Е -4| i 3 
= 13 1 2 
26 227. 
25. 4-11 0-4 
-4 6 
0-1 4 33. A = 
- 2 3 
-12 -5 -9 
A= 4 2 4 ad — be = (-4)(3) — (-2)(-6) = 0 
| -8 -4 -6 Because ad — bc = 0, А7! does not exist. 
- 0.5 0.3 
01 02 03 35. a=] | 
27. А-1-03 02 02 L5 0.6 
| 0.5 04 04 ad — be = (0.5)(0.6) — (0.3)(1.5) 
[ o -181 090 = 03 – 045 = -0.15 
А4\=|-10 5 5 т (| 06-03) [-4 2 
| 10 -272 -3.63 СЭ SES os| |10 -4 
-1 1-0 as [x] -3 21[5 5 
а a ly} 1-2 iji] [o 
2 0-1 0 Solution: (5, 0) 
[0-1 0 1 
Г [x] [-3 2][4 -8 
10 10 39. = = 
0 10 I y -2 14/2 -6 
А = СРИ as 
2010 Solution: (-8, —6) 
lo 102 
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[x 1 1-10] (1 3 -0.4 0.8 
47. A= 
4. y|-2|-3 2-15|- 8 2 -4 
|2 3 -3 2||2| |-и А 1 E | 
Solution: (3, 8, –11) 1.6 = 1.6 |-2 -04 
E m В 47! does not exist. 
a Ё B This implies that there is no unique solution; that is, 
43. NE -10 3 0 -I т 1 either the system is inconsistent or there are infinitely 
X3 -29 7 3 -2||-1 0 many solutions. 
E? 12 -3 -1 1j|2 0 Find the reduced row-echelon form of the matrix 


) corresponding to the system. 
Solution: (2, 1, 0, 0) 


-04 0.8 : 1.6 
5 4 | 2:-41 5 
=: 4-5 i 25R > [1 -2: i 
2 -4 5 
Joe 1 5 -4 - | 
25-8|-2 5 1-2 2 
x 1| 5 —-4]f-1 11-17 -1 -2R +R > |0 0 : 13 
y c 7-2 51346 071 |1 The given system is inconsistent and there is no solution. 
Solution: (-1, 1) 23 -19 
49. A= 
1.5 0.75 


xz 1 0.75 1.9 
71725 + 2.85 -1.5 23 


x 1 [075 19]| 6 1 [-183 
y| 4575|-L5 23||—12| 4.575 |—36.6 


Solution: (—4, —8) 


Ш 
| | 
o A 
pe 
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4 -1 1 
51, А=|2 2 3 
5 2 6 
Find АТ. 
4 -1 1 1 0 
[4:122 2 3 0 1 
5-2 6 0 0 1 
R [5 2 6 0 0 1] 
C 2 2 3 0 1 0 
R, |4 -1 1 1 0 0| 
-R +R > [1 -1 5 -1 0 її 
2 2 3 0 1 0 
4 -1 1 0 0 
[1-1 5 : -1 0 1] 
-2R +R > |0 4 7: 2 1 2 
-4R, + R > |0 -19 : 0 -4| 
[1-1 5 -1 0 1] 
- + R ә |0 1 12 3 1 2 
[0 3 -19 5 0 —4]| 
R+R ә [1 0 17 4 1 3] 
0 1 12 3 1 2 
-3R, +R; > (0 0 -55 14 -3 -10| 
[1 0 17 4 1 3 
0 1 12 3 1 2 
-4R > |0 0 11-84 d 
-UR4Ro 10 0: BS -1 
-12R; +R > |0 1 0: 2 -2 a? 
424 моз 2 ШИШ 
[18 4 5] 
А! = 47 3 19 -10 
|-14 3  10J 
x [18 4 —5]—5 55 1 
y|-i 3 19 -10 110 = 2/165] =| 3 
2 1-14 3 10] 1 110 2 
Solution: (—1, 3, 2) 
53. 5x - Зу + 2z = 2 
2x + 2y - 3z = 3 
x = Ty + 72 = -4 


Using a graphing utility (0.8125, 0.6875, 0) = (B, 18 0) 
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55. (21, + 41, = 15 
L + Ah = 17 
L+hL- L= 0 
20 4][n] [i5 
0 1 4||Ь|=|17 
1 1 cH 0 
A Х = В 
п т 715 [i 
X=A'B=|-2 4 4|117|-13 
вэ) d 


So, Д = 0.5 ampere, I, = 3.0 ampere, and 7, = 3.5 ampere. 


57. (21, + 41, = 28 
I, + 41; = 21 
L+h- h= 0 
20 4|[n] [28 
01 4||17,|=|21 
11-11 4 0 
4 Х = В 
4-3 5р p 
X=A'B=|-2 4 3||21|= 
a db bp 01.5 
4 7 7 


So, Д = 4 ampere, J, = 1 ampere, and /, = 5 ampere. 


In Exercise 59, use the following: 

Let x = bags of potting soil for seedlings, 
y = bags of potting soil for general potting, and 
z = bags of potting soil for hardwood plants. 


[2 1 21|х Sand 
AX =В=|1 2 1||у|= |Гоаш 
[1 1 2||@ Peat Moss 
45-11 0-1 
0 1 -1 
Li 21.03 
[2 2: 2 
500 100 
59. 41|500| = |100 
400 100 
Solution: 


x — 100 bags of potting soil for seedlings, 
y = 100 bags of potting soil for general potting, 
z= 100 bags of potting soil for hardwood plants. 
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61. 


63. 


65. 


67. 


69. 


71. 


73. 


75. 


77. 


Chapter 7 Matrices and Determinants 


(16, 82,700), (17, 86,918), (18, 89,400) 


(a) [256a + 
289a 


324a 


16b + c 
17b + c 
18b + c 


82,700 
86,918 
89,400 


+ 


+ 


256 
289 
324 


16 1 
17 1 
18 1 


Га 82,700 
b | 86,918 
| c | 89,400 


(b AX 


1 


16 1] 
17 1 
18 1 


0.5 
-17.5 
153 


-1 
34 
-288 


0.5 
-16.5 
136 


True. If B is the inverse of A, then АВ = J = BA. 


a 82,700 
(с) X = 418 = |Ь| = 4186918. = 
c 89,400 


y = 86812 + 32,862; — 220,884 
(d) 95,000 


If the determinant of a2 x 2 matrix is not equal to 0, then the inverse exists. 


—868 


32,862 
-220,884 


To find the inverse, take 1 divided by the determinant and multiply it by the matrix which has a diagonal from top left to 
bottom right that has the terms from the original matrix flipped and the other diagonal is the negative of the terms from the 


original matrix. 


: a b 1 d -b 
Answers will vary. Sample Answer. A — Lum 
c d ad —bc|-c a 
ЕЕ a b 1 d -b z 1 ad — be —ab + ab = 1 ad — bc 0 = 
“le dlad—bel|-c al} ad —be|cd -cd -be+ad| ad — bc 0 ad —be| 
Al = 5 = 


1 -5|1|а b Ш 1 ad — bc 
ad —bc|-c ае d| ad — bc|cd — cd 
If 4^! does not exist, it is singular. 


E | (4)(&) – (-2)(3) = 0 > 4k + 6 = 0 > k = —ż. 


—ab + ab Е 1 ad — bc 0 
—bc + ad Е 


ad — bc 0 ad — bc 


When k # =2, A” exists because ће determinant does not equal zero. 


x (X -16 (х 4x - 4) 


x+4 2x (x + 4)(2) 
SERT E 
12 3x -3 > 12 x(x + 1) 
»--x хєх x(x? = 1) 3х-1) 
A(x + 1) 


(x + Dx — 1)? 


+ 0, –1 


G- 


(7 + 3i)(7 – 3i) = 49 - 9? = 49 + 9 = 58 


47-32 -(-4/-32) = (32i) (32i) = 32 


79. 


81. 


13 6 6 8 -1 -2 
-0 +2 = + 
30 -3 5 —5 0 |] 
11 14 
~ 110 -9 
3 -21 15 24] 
2 pi = 2X 
31-9 121 31188 0] 
2 -14] [5 8] 
+ --2Х 
Ё | . 0| 
7 -6] 
--2Х 
b 8 | 
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Section 7.4 The Determinant of a Square Matrix 


1. 


11. 


13. 


15. 


17. 


19. 


21. 


23. 


(b C, = M = -6 


determinant 
—5 
4 
8 4 
„з 86) - (90) 
6 -3 
= (6)(2) — (-3)(-5) = -3 
us al = OEE) 
-7 
; fn 10) 09) =o 
3 
2 |-30- 43) =з 48-0 
-3 -2 
= (-3)(-4) - C309 = 12-12 = 0 
-6 -4 
cs ol 
2 |. у 1 eld = ul 
EE x3) 3-9) ы да: 
3 
19 
= —1924 
43 – | 
1-1 
107555: :4. 
2) jon 
10 5 
[4 5 
[3 -6 
(a) Mj = 6 
Mp =3 
М =5 
My =4 


(b) 
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-4 6 3 
27. | 7 -2 8 
1 0 -5 
ia 5 (-2)(-5) - (8)(0) = 10 
0 -5 
7 8 
Mace ue eco) = == 
7 —2 
ОЕ S 
6 3 
Mishi ea MOD) 1) 790 
-4 3 
My = i5 = (-4)C5) - (3)(1) = 17 
-4 6 
MS ЁЖ s ш ын 
6 3 
Ma =|_„ g| = (9(8) - 672) = 54 
-4 3 
Му, = 7 8 = (-4(8) - (3)(7) = -53 
-4 6 
M33 = 7 2 -(-41-2) - (6)(7) = -34 
2 5 
29. (a) | 47 2(-3) — 5(6) --36 
2515 
D es^ 2(-3) - 6(5) = -36 
5 0 - 
0 -3 5 -3 5 0 
31. (a) |0 12 = 0) | E -4 
6 3 1 3 1 6 
1 6 
5 0 -3 
0 4 5 -3 5 -3 
(b |0 12 4 - 0 - 4 
1 3 1 3 0 4 
1 6 
-3 2 1 
5 6 4 6| |4 5 
33. (a) |4 5 6--3 152541 NEN 
2-3 1 
-3 21 
4 6 -3 1 -3 1 
® | 4 5 s 3 ls E 
ANC 2 1 2:1 4 6 
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(b Cy = (31 M, = 10 
Cy = (IMn = 43 
Сз = (-1!My = 2 
Ca = (У) M, = 30 
С» = (C M» = 17 
C5 = (У) М, = 6 
Cy, = (C1 M5, = 54 
Cy = (CI My = 53 
Cs = (-1 M3 = -34 


- 0(18) + 12(18) - 4(30) = 96 


0(-4) + 12(18) — 6(20) = 96 
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0-3 5 
0 -3 5 6 -3 5 6 0 5 6 0 -3 
40 6 -8 
35. (a) i3 --80 6 -8/+0) 4 6 -8-0]40 —8|+2|4 0 6 
0 7 4 -1 7 4 -10 4 -1 0 0 
8 0 0 
= —8(0) + 2(0) = 0 
60-3 5 
4 6 -8 6 -3 5 6 -3 5 6 -3 5 
40 6 -8 
(b) jc -—0-17 4|-0-1 4|-04 6 -8|-0|4 6 -8 
80 2 8 02 8 0 2 -1 7 4 
8 0 0 
=0 
-2 4 1 
4 7 1 -2 7 1 -2 4 1 -2 4 7 
30 00 
37. (a) 2-35 10 5/40 8 10 5|-0, 8 5 5,40 8 5 10 
8 5 10 5 
0 50 6 5 0 6 0 0 6 0 5 
6 0 5 0 
= —3(—75) = 225 
-2 4 1 
30 0 -2 4 7 -2 4 7 -2 4 
30 00 
(b) --18 5 1040 8 5 10-5 3 0 0-0 3 0 
8 5 10 5 
60 5 60 5 6 0 5 8 5 10 
6 0 5 0 
= (-1)(75) – 5(-60) = 225 
39. Expand along Column 1. 43. Expand along Column 1. 
-1 2 -5 2 -1 0 
3 4 2 -5 2 -5 2 1 -1 0 -1 0 
3 4|--1 - -0 4 2 1|=2 - +4 
0 3 0 3 3 4 2 1 2^. 2 1 
0 3 4 2 1 
= -1(9) — 0(6) + 0(23) = -9 = 2(0) – 4(-1) + 4(-1) = 0 
41. Expand along Row 2. 45. Expand along Column 3. 
6 3 -7 14 2 
3 -7 6 -7 6 3 3 2 1 4 
0.0 0/20 - +0 =0 3 2 0-2 + 
-6 3 4 3 4 —6 -1 4 38-2 
4-6 3 -1 4 3 
= -2(14) + 3(-10) = —58 
47. Expand along Column 3. 
260 2 
27 6 2 6 2 2 6 2 2.6 2 
2» 42-3 
-01 0 1-31 0 1-402 7 6-02 7 6 
100 I 
3g qw 3 7 7 3 7 7 10 1 
3 7 0 7 
= —3(—24) = 72 
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49. Expand along Column 1. 


53 0 6 
6 4 12 3 06 

46 4 12 
= 512 -3 4-42 -3 4 

02-3 4 
1 =2 2 p.22 

01-2 2 


5(0) — 4(0) = 0 


51. Expand along Column 2, then along Column 4. 


3 2 4 -1 5 
-2 1 2 
-2 0 1 2 10 4 
10 40 
100 402 -(-2)-2)6 2 -1|- 4(103) = 412 
6 2-10 
6 0 2 -1 0 3 5 1 
3 5 10 
3 05 10 
8 -7 0 
59. (a) = -8 
53. 0 -5 4|--126 3 -2 
l (b) -1 1 Т 
1-18 4 PE 
2 0 -4 [4 oO]f-1 1 -4 4 
55. = —336 (c) = 
2 2 6 [3 -21|-2 2 1-1 
0 8 0 m -4 4 1 
EE 
57. (a) тий 
. (a = – 
9.3 -1 2 1 
0 61. (a) | 1 0 1-2 
(b) = -2 
-1 0 10 
[31 0][2 о 2 0 
[0 3||0 -1 0 -3 (b) | 0 2 2.5 
-2 0 0 
(4) = 6 
c= [-121][-1 00 14 
(c) 1 0 110 2 0|=|-—1] 3 
10 101003 02 0 
143 
(d 1-1 0 3|= -12 
020 
. 2 
63. Answers will vary. Sample answer: | A] = 2 =9-6=3 
42 - 
: 2 -1 4 -1 
65. Answers will vary. Sample Answer: | A] = 2 1 0|--2 m +1 pe = -2(7) + 13 = -1 
1 1 


3 
= 24 – 24 = 0 


67. Answers will vary. Sample Answer: |A] = Dd 
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x w x 
69. | = Wz — xy 71. = wz — ху 
2 yz 
y z s 
Е = (ху – wz) = wz – ху er W w(z + cy) - у(х + ew) = wz - xy 
WIX y z-*cy 
Bae ee у 2 “Чи ad шалаа! 
J^ * we yz y ztoey 
1x x P , 2 
7.0 »»1-771-Г 217, 
1222 z z 2 2 y y 
= yz? — уш) – (xz? — xz) + (xy? — xy) 
= yz) — xz — у? + х? + xy(y — х) 
= z’ (y -x)- z(y? — х?) + ху(у = x) 
= 22(у - x) - z(y - x)(y + x) + ху(у- x) 
-(у- x)[z? - z(y + x) + xy] 
-(у- x[z -z- zx + xy] 
=(y- x)|z - zx - zy + ху] 
=(y ШЕЕ x) - y(z x) 
= (y - xz - x)(z - у) 
x2 x+3 2 
75. = 2 79. = 
1 x 1 x+2 
x-2-22 (x + 3)(x +2)-2=0 
х? = 4 х2 + 5+4 = 0 
х= +2 (x + 1)(x + 4) = 0 
х+1 2 x =-lorx 2-4 
77. = 4 
еа eos ces 
(x + 1)(х) - QC) = 4 AE uus 
х2 +х-2 = 0 
er е^ 5x 5x 5x 
(х + 2)(х- 1) = 0 83. aee = 3e — 2695 = е 
x--2orx-l 
x Inx 
85. i ]2»1-1nx 
x 


87. True. If an entire row is zero, then each cofactor in the 
expansion is multiplied by zero. 
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1 3 4 0 
89. Sample answer: Let A = | 2 | and B = | | 


3 5 
1 3 -4 0 
ТЫ = al НЬ A|+|B| = -10 
-2 4 3 5 
-3 3 -3 3 
aca] IDEE = -30 
1 9 1 9 
So, |A + В| #|A|+|B|. 
13 4 
91. (a) |-7 2 -5|- -115 oa=l, | H 
| тор MIS 
61 2 
1 4 3 181-1) оа 
2 3 
-1-7 -5 2|--115 
1 2 
d s 5| A| = 5 = -35 
2 -3 


Column 2 and Column 3 were interchanged. 
Row | was multiplied by 5. 


1 -3 
(b) Multiplying Row 1 of the matrix l | Бу-5 |B| = 5| A 
diei . 041 3 
and adding it to Row 2 gives the matrix 0 ds 
1 -3 1 -3 
5 2 0 17 
өз. (а) |) | = 704) - 0 = 28 
. (а = — = 
0 4 
-1 0 0 
w lo 5 o=? ? 0 0 0 5 
TCU We 21-9 2^ - [070 
002 
= (-1)(10) = -10 
2 000 
-2 0 0 000 0 -2 0 0 -2 0 
0-200 
©, ӨГӨ 9-2. 9 5:9 0» 5000 0 01-00 0 1 
00 3 00 3 0 0 3 0 00 
0 0 3 
1 0 0 0 0 1 
= (-2)| (2 - + 
( lel 3 0 3 0 | 


= C399) = -12 


The determinant of a diagonal matrix is the product of the entries on the main diagonal. 


95. 


Ц3)-9(4) 3-36 -3 _ 
5 


97. 4(2)(6) + (-1)(3)(5) + 1(2)(-2) = 48 - 15 - 4 = 29 


99. 4(-1) ^ [2(6) – (-2)(3)] = 4[12 + 6] = 4(18) = 72 
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4x —2y = 10 Equation 1 
3x — 5y = 11 Equation 2 


Solve for х in Equation 1: 4x = 10 + 2y = x = 1(10 + 2y) 
Substitute for x in Equation 2: 3100 + 2y)] -5y =11 > iy -5y = 11 – 5 
цах ez 


>ye=-l 


Back-substitute y = -1: x = 410 + 2(—1)] = 4(8) = 2 


Solution: (2, –1) 


Ec “11 : 9-6 


4 -1 1 12 
2 2 3 1 
5 =2 6 22 


-2R +R =>|0 -5 —5 2-10 
5R + 2R, => |0 -14 -3 t 39 


2 2 3i 1 
AR >|0 1 1:2 
0 -14 -3 i 39 


2.2. 3 1 

14R +R; 3/0 1 1: 2 
0 0 11: 11 

2x + 2y + 3z = 1 
y + z= -2 

112 = 11 


112112 221 
y2-2-12-3 
2x 21-2(-3-3()242 x-2 


Solution: (2, —3, 1) 
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Section 7.5 Applications of Matrices and Determinants 


1. Cramer's Rule 7: n + 2y = 2 
3. [2x +3y = i ie "а 
3x + 2y = 2 
Е Because А = 0, Cramer's Rule does not apply. 
d 2(2) – 3(3 4 5 
32| (2) - 368) cadres = - The system is inconsistent in this case and has no 
solution. 
5. |-5х + 9y = -14 
3x — 7y = 10 
-14 9 
10 -7| 8 
x= = – = | 
-5 9 8 
3 -7 
-5 -14 
_| 3 100 -8 _ 1 
УГУ 9^8 
3 —7 
Solution: (1, –1) 
9, dx — y + 2 = -5 4 -1 1 
2x + 2y + 32 = 10, 00-12 2 3|-55 
5x — 2y + 62 = 1 5 -1 6 
-5 -1 1 4 -5 1 4 -1 -5 
10 2 3 2 10 3 2 2 10 
1 -2 6 —55 5 16 165 5 -2 1 110 
х= = =-ly= = zn = =:2 
55 55 55 55 55 55 


Solution: (—1, 3, 2) 
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11. x+ 2y+ 3z= -3 19. Vertices: (0, 25), (10, 0), (28, 5) 
-2x+ y- zz 6, 0 25 1 
Se 3e eA oM Area — i 10 0 1|- 250 square miles 
12 3 28 51 
р-1-2 1 -1|-10 
3 3 2 21. Points: (2, —6), (0, —2), (3, -8) 
cg 4570»* 13 2 -6 1 
-2 1 -6 1 
6 1 -1 0 -2 1|= + 
-8 1 -2 1 
-11 -3 2| -20 3 -8 1 
x- = -2 
10 10 = 2(6) + 3(—4) 
1 -3 3 = 0 
-2 6 -1 The points are collinear. 
MEN UN NEUE 
y 10 10 23. Points: (2, =+), (-4, 4), (6, -3) 
1 2 -3 2 -i 1 
Е 201 m 
-2 1 6 -4 4 I= S. as 412 73 + 2—5 
3 -3 -M| -10 6 3 1 GELD ME di A 
E 10 Pug 
--121-3-6 
Solution: (—2, 1, –1) EE 
The point t collinear. 
13. Vertices: (0, 0) (3, 1), (1, 5) Mu DM 
erdt pi 25. Points: (0, 2), (1, 2.4), (-1, 1.6) 
Area = 13 1 1-1 = 7 square units 0 21 
2 21 5 1 1| | 124 
151 1 24 1ļ=-2 + =-2(2)+4=0 
-] 1| 1-1 1.6 
-] 16 1 
15. Vertices: (-2, –3), (2, —3), (0, 4) 
The points are collinear. 
Буг 321 31 
Area = 1| 2 ЖЕЛЕР | о. 
Е 27. 4 y 1|=0 
| 5 -2 1 
= 204 + 14) = 14 square units 
y 1 4 1 |4 y 
+5 + =0 
5 11 -2 1 5 1 5 -2 
17. 4-450 21 2(y + 2) + 5(-1) + (-8 – 5y) = 0 
=2 у] -у-9-0 
2 1 1 1l = -3 
+8 = —5 52 
у 1| |21 | 
29. Points: (0, 0), (5, 3) 
+8 = —5(2— y) - 2(-1) 
+8 = 5y -8 ne des ea 
858 Equation: |0 d cl s в б: 
Уу 5 5 3.1 
16 -0-3х-5у-0 
уз = 00 = 0 
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31. Points: (—4, 3), (2, 1) 


x 1 
А T 3 1 -4 Ц -4 3 
Equation: |-4 RIPE " css Заг LC LI Засаг 
2 11 
33. Points: (-4, 3), (3. 1) 
x 1 
. ! й 31 => 1| ie 3 
Equation: |-5 3 ийн 1 2 5 i|* H ierat 
511 5 3 


35. A horizontal stretch, k = 2, of the square with vertices (0, 0), (0, 3), (3, 0) and (3, 3). 


КЛЫК 48178 917015 48173) 


New Vertices: (0, 0), (0, 3), (6, 0) and (6, 3) 


37. A reflection in the y-axis of the square with vertices (4, 3), (5, 3), (4, 4) and (5, 4). 


ШЕШЕГЕ ЕНЕ ТЕЛЕЕ 


New Vertices: (—4, 3), (—5, 3), (—4, 4) and (—5, 4) 


6+ 


» 
(-5,3)(-4 321 (4. зу? 9(5,3) 
11 
сезаз [1235436 
-2- 
эе 
4+ 
39. The area ofthe parallelogram with vertices: 41. The area ofthe parallelogram with vertices: 
(0, 0), (1, 0), (2, 2) and (3, 2) а-155-2,-2 (0, 0), (—2, 0), (3, 5) and (1,5) > a = -2, 
and d = 2. b=0,c = 3and d = 5. 
1 0 z 
A= A= 2 0 
2 2 3 5 
Area — | det()| =|2 - 0| = 2 square units. Area = | det()| = |-10 – 0| = 10 square units. 
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43. (а) Uncoded: C ОМ Е HO ME . 45. (a) Uncoded: T E X T _ МЕ T 
[3 15][13 5][0 8][15 13][5 0] [20 5 24][20 0 13][5 0 20] 
S OO м O M OR R OW 
21 | 1-1 0] 
€) B 151, „= 148 81] (p [20 5 24| 1 0 -1|- [2119 28 67] 
- -6 2 3 
1 2 L - 
[13 5] 3 5 = [28 51] Е! —1 01 
br 55 ро 0 13]| 1 0 -1|=[—58 6 39] 
[o s. „|=[24 40] -6 2 3 
| j [op e 0 
[I5 13]|. „|= [54 95] [5 0 20] 1 о -1]=[-115 35 60] 
5 -6 2 3 
1 2 L 
Б o]. 4|-5 16] IEEE 
n ә] [5 13 15]} 1 0 -1|=[—62 15 22] 
19 15 = [64 113 Y 
пә ip. |s [er из — 2 3] 
17) Г1-1 0 
МЭЛ) caf =P 300 [8 18 15]| 1 0 -1|-[-54 12 27] 
UPS -6 3 
48 81 28 51 24 40 54 3 = 
Encoded: 1-1 0 
95 5 10 64 113 57 100 
[23 0:0| 1 o -1|2p3 -23 0] 
|-6 3| 


Encoded: 
-119 28 67 -58 6 39 -115 35 60 


-62 15 32 —54 12 27 23 -23 0 
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E r2c 2 
In Exercises 47-49, use the matrix 4 = | 3 7 9). 
-1 -4 -7 
4.DO WNL OAD SUCCESS FUL 
[а 15 23][14 12 15]П 4 o][i9 21 3][3 5 19]П9 6 21][I2 о 0] 
[12 2 
[4 15 23]| 3 7 9|=[26 21 -18] 
|-l -4 -7 
“12 7 
[[4 12 15]|3 7 9|=[35 52 31] 
|-1--4 -7 
“11 7 
1 40|3 7 = [13 30 38] 
|-l —4 -7 
“12 7 
[9° 21 3] 3 2 = [79 173 206] 
|l-1 -4 -7 
s 
B 5 19]} 3 7 9|=[—1 -35 -8] 
|-1--4 -7 
11 7 
[9 6 21] 3 7 91-16 -4 -55] 
|1-4 -7 
11.2 
120013 7 91-12 24 24] 
|-1-4-7| 


26 21 -18 35 52 311330 38 
Cryptogram: 79 173 206 -1 -35 -82 16 -4 --55 
12 24 24 
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4. HA PP Y BIRTHDAY sues J-E | 
[8 1 16][16 25 o][2 9 18][20 8 411 25 0] 3:35 3 -1 
I 2572 [11 21] [8 1 
[81169] 3 7 9|=[—5 -41 -87] 64 112 16 16 
-1 -4 -7 25 50 25 0 
-5 2 
IDEE 2] 29 э 4-1 
[i6 25 0]| 3 9|-101 207 257] 23 46 23 0 
o cp 27 40 75 25. :5 
Poder e э] |55 92 | | 1 18] 
[2 9 18]| 3 -|1-5-4| Message: HAPPY NEW YEAR 
[-1 -4 -7| 
[1 2 
ро 8 4]|3 9| = [40 80 84] 
[-1 -4 -7| 
NEP 
р 25 0]| 3 9| = [76 177 227] 
[-1 -4 -7| 
Cryptogram:—5 —41 -87 91 207 257 11 -5 
-41 40 80 84 76 177 227 
ped oup 1 22430254 
53, 47-11 0-1 =|3 3 -l 
-6 3 2 4 -1 
[9 -1 -9] [312 IC LA 
38 -19 -19 19 19 0S S _ 
28 9 219112 5 9 19 0115 _ 
-80 25 41 22081 3 114|C AN 
-64 21 31 3 5 12|С EL 
| 9 -5--| [5 4 OJE D _ 


Message: CLASS IS CANCELED 
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55. Let A be the 2 x 2 matrix needed to decode the message. 
-18 -18 P 0 18] R 
1 16] |15 14/0 N 


те -18] [0 18] [|-3s = [0 18] (1-2 
^ | 14 16 H5 14| | d. [M15 14| | ] 1 
270 15 


8 21] [13 5|M E 
-15 -10 520 E T 
-13 -13 0 13) M 

5 10 5 0|E _ 

5 25||-1 -2 20 15|Т О 

= Message: MEET ME TONIGHT RON 

5 19 | 1 1 14 N I 
-1 6 7 G H 
20 40 20 OIT . 
-18 -18 0 18} Е 
| 1 16) 15 1410 N 

8 
57. D =|0 8) = —56 
-1 
20 8 
2 8 
0 1-2 28 1 
1, = = = 
—56 56 2 
2 8 
6 8 
0 -l - 
I, = = 26 = 
—56 —56 
0 2 
2 6 
1 0 —28 1 
1, = = = 
-56 -56 2 
So, the solution is J; = —0.5 ampere, / = 1 ampere, and /; = 0.5 ampere. 


59. True. The determinant is zero when the points are collinear. 


61. If the determinant of the coefficient matrix is zero, the system has either no solution or infinitely many solutions. 
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3 -1 1 y 
63. Area = i 7 -1 1 T (7,5) 
7 51 44 
41 
ds estt 1 7 1 7-1 21 
EE +1 +1 1) 
2U| 5 1 7 1 7 5 | | ‚| 
-14 12 8 
= 1(-18 + 0 + 42) 2] eD cad 


= 12 square units 


Area = 4(base)(height) = i 3)(5 (-1)) = 5(4)(6) = 12 square units 


E 
ll 
NY 
Ww 
+ 
рац 
4, 
= 
ll 
25) 
t 
A 
ll 
A 


п= 43+ (1) =34+1=4 " 
wed) (4 +1) = (16 +1) = 217 
Review Exercises for Chapter 7 
1. [-1 3] й. 1 1 
Order: 1 x 2 9. 2 3 
2 2 2 
2 1 4 -1 - 1 
3. R [1 2 3 
6.2 18 0 Ж ae 
Order: 2 x 5 5 з в 3 
: 3x = 10у = 15 [1 2 3] 
[5x + 4y = 22 0 1 1 
3 -10 15 2R + R > |0 -2 -4| 
5 4: 22 1 2 3 
0 1 1 
d" ae 2R, +R; > |0 0 -2| 
7 -2 3 12 12 3 
[4 71 3 мэ 
х + 2z = -8 -18, 5 | 0 1| 
2x — 2y + 3z = 12 
4x + Ty + z= 3 11 1 -3 915 јх -3y = 9 
0 1: -|> ysi 


x — 3(—1) = 9 x=6 


Solution: (6, –1) 
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134: ЦУ» [x + 3y + 42 = 1 2 4 
13.10 1 2 1 3/5 y + 22 = 3 19. 2 2 
0 0 1 4| = 2 = 4 PES! 2 
у+ 2(4)=3 > y=-5 [2 12 4] 
x + 3(-5) + 4(4) =1 х= 0 -R +R, > (10 1-2 1 
Solution: (0, –5, 4) E ru. e: i Bee ON sed 
- +R > |2 0 4 3 
5 4: 2 0 -2 1 
15. : 
-1 1: -22 2R, + R > |0 0 0 0| 
4R + R > l 1 8 —86 18, Is [1 0 2 3] 
-1 1 -22 0 E 1 
1 8: -86 |o 0 0 0 
R +R ә | 0 9 : -108 - 
к Геї 2 = а, Шеп: 
1 8 : -86 
LR 0 1: 12 у-2а-1 у = 2а +1 
p я x + 2a 3 x 2a + 3 
x + 8y = —86 
grate Solution: (-2a + 3, 2a +1, a) where a is any real 
weap number 
x + 8(-12) = -86 > x = 10 [2 3 | 10 
Solution: (10, -12) 21. 2 3 -3: 22 
|4 2 3 : -2 
we i Po 231 10] 
2х-4у=6 R +R, ә |0 -6 -4 12 
Е 2.53 | 2R +R => |0 -8 1: -22 
2 -4 : 6 1 з 1 ] 
. pt E NE 5 
“12: 3 -iR 2]0 1 2 -2 
2R,+R, ә |0 0: 12 
0 -8 1 -22 | 
Because the last row consists of all zeros except for the r А | - 
last entry, the system is inconsistent and there is no 2 2 5 
solution. 0 | 3 -2 
8 +R > jo o 2: -38 
Ё Ол 7 
2 
ЦЭ. -2 
26910 0 1 -6| 
z=-6 
у+ 4-6) = -2 у= 2 
3 1 2 " 
x + 5(2) + 5(-6) 25 х = 5 


Solution: (5, 2, –6) 
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x —2y + z- we 11 25. [x+ 2y- z= 3 
23 2x + y - 2z + 3w = -16 x- y- z= -3 
jx + Зу + 22 - we 1 2x+ y+ 3z= 10 
y 52 w= 8 [1 2-1 3 
1-2 1 -l 11 Ж ы ы 3 
2 1 -2 3 i -16 а 1 3 į 10 
-1 3 2-11 1 [ 2 -l ] 
0 -1 5 1 8 -R + R > -3 0: —6 
1 -2 14 11 -2R +R >| 0 3 16 | 
-2R + R 3]0 5 -4 5 : -38 [1 2-1: 3] 
R+R 3/0 1 3-2: 12 оз 0: -6 
0-1 5 1: 8 + ә |0 0 5: 10| 
1-2 1-1 3R +2R ә [3 0 3: 3 
Guim 1 3-2: 1 0 -3 0: + 
R20 5-4 5: -38 0 0 5: 10 
0-1 5 1 8 58, +3R, > [15 0 0: 15] 
1.2 1 -l 11 03 0: -6 
0 1 32: 12 C 0 5 : 10 
-5R + R —|0 0 -19 15 : -98 : - 
2 3 . ER > 0 0: 
R-*RJ,|0.0 8-1: 20 | 
qh > 
1 -2 1 -l 11 1R, > 0 
1 L | 
0 3 -2 12 
1 1 98 m 
"iM 1 -5 19 22 
0 8 -1 i 20 d 
2 
1 -2 1 -1 : 11 Solution: (1, 2, 2) 
0 13 2: 1 
0 1-2: 2 
-8R; +R, 3/0 0 0 Œ ; -4 
1-21 -1 : 11 
01 3:12 
(0 1-872 
pike Э|0 0 0 1 i -4 
x - 2y + z- w = 11 
у + 32 —- w = 12 
Б iw = 8 
w = -4 
w = —4 
ЕЕЕ Bz = 


y + 3(2) – 2(-4) = 12 > y = 2 
x — 2(-2) + 2 - (4) > x = 


Solution: (1, –2, 2, —4) 
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[-112 1 29. Use the reduced row-echelon form feature of a graphing 
21. 2 3 1 -2 utility. 
42: 4 3-1 5 -2 i -4 1000 2 
2 5 1 6 4 -l 1 0100 6 
R > |1 -1 -2 1 > 
2 3 E 5-1 1 3 -15 00 10 -10 
0 4 -1 -8 58 000 I -3 
5.4 2 4 
E 2 x-2,y-26z--10wz-2-3 
1-1-2 -1 PM 
olution: (2, 6, -10, -3 
-2R +R > |0 5 5 (6510699) 
-5R + R ә |0 9 12 [-1 -1 12] 
1 3 - m 31. j| > x-212andy-ll 
1 -1 veli] [у 9 11 9| 
1р |0 1 | И - 
5 х+3  -4 44] [5x-1 -4 44 
0 9 12 
- Е 33. 0 -3 - 0 -3 2 
R+R ә |1 0-4 -1 | -2 у+5 | ә 16 6 
0 1 1 
+ 3 = 5x = 1 
-9R +R > |0 0 3: 9 + T 
а 4 = 4х 
0--1 -1 x = landy = 11 
y + 5 = 16 
0 1 ! 0 
y = ll 
a OO 30$ 5] 
R+R > [1 0 2] 
- +R ә |0 1 -3 
0 0 3| 
= 2, y S325 3 
Solution: (2, –3, 3) 
2: = 2 -3 10 -1 8 
35. (a) A+B = + = 
3 5 12 8 15 13 
2.792 -3 10 5 -12 
(D 4-8- Е = 
3 5 12 8 -9 -3 
25-52 8 -8 
(c) 44 =4 = 
3 5 12 20 
2 -2 -3 10 4 -4 -6 20 -2 16 
(d 24 + 2В = 2 + 2 = + = 
3 5 12 8 6 10 24 16 30 26 
4 3 3 11 
37. А-1-6 1|8-115 25 
10 1 20 29 
| 4 3 3 1l 4+3 3411 7 14 
(a) 4-8-1-6 11-115 25|=|-6+15 1+25|=| 9 26 
| 10 1 20 29 10+ 20 14+ 29 30 30 
4 3 3 1 4-3 3-1 ] -8 
(D 4-8-1-6 1|-115 25|/-1-6-15 1- 25| = |-21 -24 
|10 1 20 29 10-20 1-29 -]0 -28 
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4 3 4(4) 4(3) 16 12 
(с) 4424|-6 1|1-14(-6) 4(1)| = |-24 4 
10 1 4(10) 401) 40 4 
4 3 B 8 6 6 22] [14 28 
(d 24+2В = 2/-6 1|+2|15 25| -1-12 2|+|30 50| = |18 52 
10 1 20 29 20 2| |40 58| |60 60 
-2 3-2 3-2 3| |-243 341-) -2+3 
39.0) А+В=| 3 -2 3|+|-2 3 -2|=|3+(-2) -2+3 3+(—2) 
-2 3-2 3-2 3| | -2+3 3«(-2 -2+3 
111 
=|1 11 
111 
-2 3 -2 3-2 3 2-3 3-(-2) -2-3 5 5 -5 
0) 4-B=| 3 -2 3 2 3 -2|=|3- (-2) -2-3 3-(-2)| =| 5 -5 5 
-2 3 -2 3-2 3 2-3 3-(-2) -2-3 5 5 -5 
-2 3 -2] (4-2) 4(3) 4(-2) 8 12 -8 
© 4424 3 -2 3|=| 4(3 4-2 403) = |12 -8 12 
-2 3 -2| (4-2) 4(3) 4(-2) 8 12 -8 
-2 3-2 3-2 3] [-4 6-4 6-4 6] 222 
(d 244-28-2 3 -2 3 «2-2 3 -2|=| 6 -4 6|1-1-4 6 -4 2122 2 
-2 3-2 3-2 3| (1-4 6-4 6-4 6| 222 
7 3| [10 -20] [5 0 7+10+5 3-20«0] [22 -17 
41. + + = = 
-1 5] [14 -3| [1 9|] 1-141441 5-349] [14 11 
1-22] [7271 8 3] [-16 -6 
43. 2/5 -4|«|1 21|--216 -2|1-1-12 4 
6 0| |14 7 4| |-14 -8 
-4 0 12] [-8 0 6 п -6 
45 X = 2A -3B = 2) 1 -5|-3-2 1|=| 2 -10{+| 6 -3|=| 8 -13 
-3 2 4 4| (1-6 4 12 -12 18 -8 
2 
1 2 4 0 9 2 3-2 
zd m E - 4 п 
4.X-4B-24]-4|2 1-2 1 -5| |= 4-4 1|-|-$ & 
4 4 -3 2 10 0 0 0 


49. A and В are both 2 х 2, so AB exists and has dimensions 2 x 2. 


[2 ox 10] (2(-3) + (-2)(12) 200) + (-2(8)] [-30 4 
TE E | E | 3(-3) + 512) 3(10) + Е | 51 | 


51. Because A 15 3x 2 and B is 2 x 2, AB exists and has dimensions 3 х 2. 


[5 4| 5(4) + 4(20) 5(12) + 4(40)| [100 220 
ав = |-7 2 h | 7(4)« 2(00) -7(12) + 2(40)| =| 12 -4 
pu 2]79 #1 nay 200) 1102) + 2(40)| | 84 212 
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14 -22 22 
-119 -41 80 
42 -66 66 


7(-2) 


(2) 12(-5) + 3(-2) 12(6) + 3(-2) 


4(6) + 1(-2) 


4(-5) + 1(-2) 


ЕЕ 
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53. (a) AB 


e) c0 ce 
ll x mx 
= = 
| Ua 
Luc ck d. 
аз XL ee 
"Pc NE 
UU eden: 
зы wb m F 
aes + 
— | T + + 
кек UD Л у БЕ „ЧЫР. 
= © N ©, о © 
| ч = Сү 
For | N 
= 5 
кы k к= Ate ee ee 
ЕЕ 225 URS BL 
T cep D qno 
—_~ м о = с = 
NAN + C + і 
bd -— — 
mom ZS 29 222 
+ am СО, сл | I 
aa I I COLL ow oct 
N ENIT = © N x de 
Lu peri pas + 
чо оч E "Stock AN х х 
| YS YS Ye we UE LT — = 
— OU om e an 
ч + ч м — +t + МЫ ЫШ 
| СЕЧЕ Е СЕ ER «бы 
= no — т-4. aaa fee 
gg f BOUM IG IT 
MM сезели es ram м м 
ЕЕ + V LE 
+ М Ке + Ч + + + S | 
— = (tee oo ell о E «d } 
oo «оо ог e o e 63) Т тол «9 
Ic 1 сер г ух GES о m, GX ea | — = 
е © EEN = wen oT oU = OO N SS 
Gog DOSE ee xa ж= a ER a 
= = | v 7 0 | + о ш + + х a 
x wo — © — — C сї сү aoa 
MAS сч rorem Шан — «VAS CER | LL Iq 
| uv ~ O0 a N — = сї ce 
+ lL ania soe ke е ор A 
AN, qi © оо GI г ML | | 
aN «и с с 59 [s 
MU MES ee Өлөн түг 1б -СЧ мэн YS — І І 
(60159: 53 | со ЖҮН | T + N 
1 1 1 
Se ел. ТЕН 
ll I ll ll lesa ! ! | Se чч аны 
— t+ o Ш Ш +. ба 
SE EAT ын гэг соо соо ч 
“болоо cc NAN | 
SEC a 8 — 
en үт 
чү А ч ~ ос Ер n rr. 
[eee 
Te 2 $ = т=ш= | са? 
— = exce fev SIA "E 
= a = © с 
a e чоо ~ MES 
мэ Il 1 ps ms Set 
му 
| ^d ll ll ll ll 
5 ea x 2 x 
m o, c х © S с 
г x = © 
wn [rel =) © 
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6 5:10 
65. [A ]- 
-54:01 
1 Г 5 1 Ql 
А > 1 5 g 0 
-5 4: 0 1l 
= К Ж: 
1 5 
5R +R, > | 0 -i $n 
z | Же 
1-5 : -l 0 
ŚR > |0 1 5 -6| 
: 5 
ŠR, + R > 0 4 -5 
6 2 1 = [1 4| 
0 1 5 -6| 
"PEL 
BET. 
2 03 0 0 
67. [A : ]] 2-1 1 1 1 0 
aom s 0 1 
203з3:100 
-1 11:010 
2R +R > |003:02 1 
-R +R > [2 0 0: 1 2 -l 
-1 1:0 1 0 
[003:0 EE 
8 9 [100:21- -1 
-1 1 PO 1 0 
M 2 1 
100:2 4 -1| 
R+R > |0 1 + 0 gem. 
0 0 I E 
1 1 
1 0 l -1 -l 
Y. 2 S [hee -1 
-R +R, —> |0 1 i -2 -š|=[|r : 4| 
2501 
00:11:02 2 I 
1 1 
p hey 
-1 _ |1 2 5 
ИЕ же 
2.. '4 
0 3 3 
a excu 3 6 4 
6.|3 7 9| 2-2 5 3 
14 7 5 2 
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B 


7. 4 


-12 6 
73. A= 
10 -5 


ad - be = (-12)(-5) - (6)(10) = 0 


A’ does not exist. 


75. (-х + 4y = 8 
2x - Ty = -5 


+ -JEE IE 


| [*(8) + 4(-5)] _ [36 
Е pr * i] Е Н 
Solution: (36,11) 


TI. 1-3х + 10y = 8 
5x — 17у = -13 


eee ie 


_ Г-17(8) + (-10)(-13)] _ [-6 
-| 5(8) + (-3)( | -| | 


Solution: (—6,-1) 


79. | 4x + 4y = 2 
-6x — 4y = 0 


l 1 1 1 
Inverse of} 2  ?|doesnotexistbecause| ?  ? 

6 4 6 4 
System has no solution. 


81. (03x + 0.7у = 102 
0.4x + 0.6y 7.6 


О EE БЕ 


Solution: (—8, 18) 
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83. [3x + 2y - z= 6 
x - y + 22 = =] 
5x y z= 7 
x] B 2 -a06 |- -1 216 
yj=|1 shy [аще | 3 омеа 
5 1 1 HEC ux 
2 L 7 2 1 3 7 
-1(6) - 1-1) + 10) 2 
=| 30) + 44) – 20) |= | 
| 46 + Hay - Щй] 12 
Solution: (2, –1, - 2) 
85. |5x + 10у = 7 3 2 -1 
2x + y = -98 93.|-2 5 0 
- 18 6 
Шин a 
Е = Б: || 5 
y 2 1 98 150751 98 (a) My, = Вэ 30 
329 
-| А | oral M сай! 12 
E 33.6 2 =] 340617 
Solution: (—65.8, 33.6) -2 5 
Msc | |= 21 
25 2 5 
87. A= : = (2)(3) – (-4)(5) = 26 2 -1 
-4 3| -4 3 My = = 20 
8 6 
10 -2] 10-2 з 
89. A= : = (10)(8) — (18)(-2 М» = = 19 
Ё | Кш а. 2 EET 
zem M. Tod 22 
Jad ? fi g| 
91 2 -1 
| | M3 = = 5 
5 0 
(à) My = 4 2 
Мр = My = = —2 
-2 0 
Му = -1 
3 2 
My, = 2 Mi ee hadi 
© C, = Mi =4 
GM (b) Cy = My = 30 
Cy, = -М = 1 Ср =-Мь„ = 12 
Cy = My = 2 Сз = М; = -21 


Су = Му = 5 
Су, = -M3 = 2 
C33 = M33 = 19 
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95. Expand using Row 1. 


-2 0 0 
-1 0 2 0 2 -1 
2-1 0|--2 E +0 
1 -3 -1 3 -1 1 
-1 1 3 
= -2(3) - 0(6) + 0(1) 
= 6 
97. Expand using Row 3. 101. 5x — 2y = 6 
4 1-1 -llx + 3y = -23 
1 -1 4 -1 4 1 
2 3 2|-1 +1 +0 
3 2 » 2 2 3 6 -2 
i: 2103 3.28., 
= 1(5) + 1(10) + 0(10) ce ee 
= 15 s 3 
99, Expand using Column 2. 5 6 
-11 -23| -49 
-2 4 1 = = = 7 
-6 2 -2 1 y = E 
nada P PE E ' 
534 ox 
= -4(-34) — 3(2) = 130 Solution: (4, 7) 
—2x + 3y = 5z = -ll 
103. 4 4x - y + z= -3 
-x - 4y + 6z = 15 
pre Dod 3 -5 3 -5 
РД рей 3 E 4 = 
D=|4 -1 1--21-1 + 4(— - 1(-1 = —2(—2) – 4(-2 2) = 14 
CU, на fant] = 202 40) - C2) 
-1 4 6 
-11 3 —5 
23 4d 511 3.53 3 —5 
-1(-1у - a(-1 + 15(—1)* 
15 -4 -4 6 4 6 -1 1 112) + 3-2) + 15(-2) -14 
- = E Е 
14 14 14 14 
-2 -11 -5 
4 -3 d -3 1 -11 -5 -11 —5 
-2(-1) + 4(-1)° БД 
214415 -6| | 15 6 15 6 -3 1| _ -2(-33) – 49) - 0—26) 56 |, 
4 14 14 14 14 
-2 3 -ll 
4 -1 -3 -1 -3 3 -1l 3 -1l 
EE + 4(-1)° -1(—1)* 
-1 -4 15 -4 15 -4 15 1 -3| -2(27)-4()-1(20) 70 


215 - 
Solution: (-1, 4, 5) 
105. (1, 0), (5, 0), (5, 8) 


5 0 


ain fil ere! = i 
is | = 203 * 40) - 2032) = 16 square units 
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107. (-1, 7), (3, —9), (3,15) 


- 71 
22 || айн Шы! Hs 
seq] F9 SI 3 5) |3 
-18-6-12-0 
The points are collinear. 
109. (—4, 0), (4, 4) 
x у 1 
-4 0 1|=0 
4 41 
-4 0 х у х у 
даж pape met 
-16 - (4x - 4у) + 4y = 0 
—4x + 8y - 16 = 
х- 2у +4 = 
-1 2 -3 
115. 4 Sf 2 1 0 
4-2 5 
- 2 -3 
[511 23] 2 1 0|=[19 5 
| 4 -2 
[-1. 2 -3] 
[370 -265 225] 2 1 0|=[0 25 
| 4 -2 
1-1 2 -3] 
|-57 48 -33] 2 1 0|=[21 0 
| 4 -2 
1-1 2 -3| 
[32 -15 20] 2 1 01-18 9 
| 4 -2 
[-1 2 -3] 
[245 -171 147] 2 1 01-1 25 
| 4 -2 4 


Message: SEE YOU FRIDAY 


117. False. The matrix must be square. 


119. If A is a square matrix, the cofactor С; ofthe entry aj is (=) M ў» Where M; is the determinant obtained by deleting the 


Review Exercises for Chapter 7 365 


x у 1 
5 = 
-5 3 1-0 
7 
5; 11 
5 
-2 3 X y х y 
|2 z aped es. 350 
; 1 2 2 


N 
з 
+ 
nN 
х 
| 
— 
чө 
ll 
о 


113. The area ofthe parallelogram with vertices: 


(0, 0), (2, 0), (1, 4) and (3,4) > a = 2,5 = 6c 
and d = 4. 
2 

1 4 


= |8 - 0| = 8 square units. 


ith row and jth column of A. The determinant of А is the sum of the entries of any row or column of A multiplied by their 


respective cofactors. 
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Problem Solving for Chapter 7 


0 -l 12 3 
1. A = T = 
[| A | 4 i 


y y 

1 0,4) A 

^T (-2,3)47 

3T -4,2 3-1: 

(3, 2) 127 | 

2+ 2+ 

| 

ІТ 41,1 ci, D*!T 
St t >x Т-1-4 — 
-4-3-2-1 1234 -4-3-2-1 | 12 

| 

-2 -24 

| 

=3 -3+ 

| 

-4 -4+ 
Original Triangle AT Triangle 


The transformation A interchanges the x and y coordinates and then takes the negative of the x coordinate. A represents 


a counterclockwise rotation by 90°. 


+ + + + 
-4-3-2-1 


(-3,-2) 


C2.-4 -4+ 


AAT Triangle 


(b) AAT is rotated clockwise 90° to obtain AT. AT is then rotated clockwise 90? to obtain T. 


[o 1][0 1 1 0 
o e-P рр, 


п о1о 1 0 
3. (а) A = = = А 
[o ооо 0 0 
A is idempotent. 
[2 3]|2 3 1 0 
= + А 
|-1 3 Ё b ! | 


А is not idempotent. 


(с) 42 = 


(à) 42—-24+51 


ll 
r 1 
| 

N =e 
— N 
SESAR 


(b) А = 
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0||1 0 


A is not idempotent. 


à 2-[ 311231, [v 12 
“ЇЇ 2] 


A is not idempotent. 


(с) 42 - 24+ 51 = 0 
A? — 2А = —51 
(4 -= 21)A = -5I 
-14 sdfde] 
1 
01 - АА = 1 


So, 41 = Цэг 24) 


11. 


13. 


15. 


Problem Solving for Chapter 7 367 


-3 0 4 x|. . 
-1 1 -2 9. If A= is singular then 
A= : 8-11 2 -2 -3 
| 2 0 1 
Lord ad — be = -12 + 2x = 0. 
-1 2 E 
: К 31 I So, x = 6. 
A =| 10, ВТ = 
02 -l 
|-2 1 2 
2 4 2 -5 
AB - (4B) - 
|-5 -l 4 -l 
3 1 I io 2 -5 
ВТА? = 1 OJ = 
0 2 -1 4 -1 
2 1 
So, (АВ) = ВТА" 
(a – Б)(Ь — с)(с — ala + b +c) = —а?Ь + arc + ab? — ас – Dc + be? 
(ИИ ШИ | 7 ; 
с а с а 
a b с|- Я — oun RP. s ‚| = be) — с — ac? + ас + ab’ – аЬ 
RC. 3 b c d C a b 
a с 
1 1 1 
Soa b с |= (a - b)y(b - с)(с - а)(а + р + с). 
a Б с? 
x 0 а 
x 0 c -1 x 0 
-1 x -1 x 
-x|-1 x Ь|-4| 0 -l х|= x(ax? + bx + c) - d|- = ax? + bx? + cx +d 
0-1 x 0 -l 
0-1 a 0 0 -l From Exercise 12 
0 0-1 a 
45 + 4N = 184 
S + 6F = 146 
2N + 4F = 104 
4 4 0 
Р =|\1 0 6|= –64 
02 4 
184 4 0 4 184 4 4 184 
146 0 6 146 6 1 0 146 
104 2 4 - 0 104 4 - 0 2 104 = 
52 л 2048 _ 3, N= z 896 14 F= € 1216 _ 19 
-64 -64 -64 -64 -64 —64 
Element Atomic mass 
Sulfur 32 
Nitrogen 14 
Fluoride 19 
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TE bii 
1. А-11 1 -3 47-1- 2 3 
TE RUE 
23 13 34] [0 18 5] 
31 -34 63 13 5 13 
25 -17 61 5 18 
24 14 -37 19 5 
4 -17 65| 4 +} 9116 20 5 
20 -29 401-4 2 $13 5 
38 -56 11611-2 - 418 0 20 
13 -11 1 8 0 
22 -3 -6 5 12 
41 —53 85 22 5 14 
[28 -32 16| 120 8 0| 


0 18 5 13 5 13 2 5 18 0 
R EM EM BER 


19 5 16 20 5 13 2 5 18 0 
S EP T EM BER 


208 5 0 5 12 5 22 5 14 20 8 0 
T HE EL EV EN T H 


Message: REMEMBER SEPTEMBER THE ELEVENTH 


6 4 1 
19. 4= |0 2 3 
112 


de ere 5 

16 16 8 
-1-13 ID n 
4 = 16 16 8 
21161. 3 

8 8 4 


| | = 16 and |47| = т 


Conjecture: || m 


КІ 
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Practice Test for Chapter 7 


1. Put the matrix in reduced row-echelon form. 


For Exercises 2-4, use matrices to solve the system of equations. 


2. 


For Exercises 9—10, find the inverse of the matrix, if it exists. 


10. 


11. Use an inverse matrix to solve the systems. 


» 
. Given A = 
4 


] 4 
3 -5 9 


3x + 5y = 3 
2x — y = -ll 
2x + 3y = -3 
3x + 2y = 8 

x + y= 1 

x + 3z = -5 
2x + y = 0 
3x + y- z= 


Multipl a 0 -7 
. Multi -7| 
цайр, 0 -3 


. Find f(A). 


5 _|3 0 
f(x) =x та | 


. True or false: 


(А + В)(А + 3B) = А? + 4AB + 3B? where A and B are matrices. 


(Assume that 42, AB, and B? exist.) 


[12 
3 5 


(a) |x+2y=4 
3х + 5у = 1 
(b | х+2у = 3 
3x + 5y = -2 


1 6 -2 
and B = , find ЗА — 5B. 
8 35.29 


Practice Test for Chapter 7 369 
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For Exercises 12—14, find the determinant of the matrix. 


6 -1 
12. 
з 4 
[1 -1 
13. 15 9 0 
[6 2 -5 
[14 23 
0 1-20 
14. 
35-11 
20 6 1 
6 4 3 0 6 
05 14 8 
15. Evaluate 0 0 2 7 3 
00092 
00001 


16. Use a determinant to find the area of the triangle with vertices (0, 7), (5, 0), and (3, 9). 
17. Use a determinant to find the equation of the line passing through (2, 7) and (—1, 4). 


For Exercises 18—20, use Cramer's Rule to find the indicated value. 


18. Find x. 
6x- 7у= 4 
2x+ 5у= 11 
19. Find z. 
3x + z= 1 
y + 42 = 
x = y = 2 
20. Find y. 
721.4х - 291y = 33.77 
45.9x + 105.6y = 19.85 
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CHAPTER 8 
Sequences, Series, and Probability 


Section 8.1 Sequences and Series 


1. 


3. 


5. 


11. 


13. 


372 


recursively 15. a, = эр 
series 
| a = 50) = 5 
Since n! = 1: 2 - 3-+-(n – 1)(n), then 3 3 
1-2-3-4-5-6-0 m = 0) = 5 
a, = 4n-7 dcl) eg 
a = 41) -7 = -3 | m 
a, 24(2-7-1 a = V) => 
аз = 43) -7 = 5 MR a 
a, = 4(4)-7=9 На 3 
а; = 4(5)-7 =13 f 
17. a, = 
ntl n+2 
a, = (-1) +4 1 1 
a, = = — 
a = (-1)}" +4 = 1+2 3 
241 а = 2 = 1 
a, =(-l) +4=3 27512 2 
a = (1) «4-5 аз = 2 _ 3 
3+2 5 
a, = (1) +4 =3 a ut 
5 = (ар +4 = 07203 
е ЕС 
а, = 2 Ци 
а = 3 19. а, = n(n - 1)(n – 2) 
a = 3 a, = (1)(0)(-1) = 0 
нг a = (000) = o 
ma a, = G2) = 6 
E a, = (4)(3)(2) = 24 
3783 
аз = (5)(4)(3) = 60 
a, = (-2)" | 
21. = (—1\" 
а = (-2) = -2 doen Г + 3 
2 
a, = (2) -4 аана 
3 1-1 2 
a, = (-2) = -8 : 2 2 
: e TI 
а, = (-2) = 16 3E 
3 3 
a; = (-2) = -32 с түш 
4 4 
= (—1 4 ==. 
SU as 
5 5 
= (-1 5 ae 
Вее 
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39. 22 E 26 2 ES . 
34 56 7 
„п +1 
a, = (-l 
( ) Ё + 3 
459. 
13579 
20041 
"28-1 
33:51 heb ct 
2 6 24 120 
n1 2 3 4 5 n 
Terms: 1 La d b а, 
2 6 24 120 
Apparent pattern: 
Each term is the reciprocal of n!, which implies that 
а, E E 
n! 
PRE л 
112 6 24 
n 1023 4 n 
Terms: 25522823 а, 
1 1 2 6 
Apparent pattern: 
Each term is a power of three, 377! divided by a 
n-l 
33. 3,7, 11, 15, 19,... factorial, (n — 1)!. After trial and error, а, = | 2 D 
n — 1)! 
ni Ll 2: 3 -4. 5 .mn 
Terms: 3 7 11 15 19 .. a, 47. a, = 28 anda,,, = a — 4 
Apparent pattern: a, = 28 
Each term is one less than four times n, which implies а = q -4 = 28-4 = 24 
that a, = 4n — 1. а, = a,-4 = 24 – 4 = 20 


a, = а -4 = 20 - 4 = 16 
а; = 4-4 = 16 — 4 = 12 


35. 3, 10, 29, 66, 127,... 


n 1 2 3 4 Saas ЗИ 
Terms: 3 10 29 66 127 ... a, 1 
49. a, = 8landa,,; = —a, 
Apparent pattern: 3 
Each term is more than n cubed, which implies that a = 8l 
а, = п + 2 1 1 
n i a = —a, = —(81) = 27 
2852-08-50) 
37. 1,-1,1,-1,1,... 1 1 
аз = =a, = (27) = 9 
т1 23 45.. n I pa 
Terms: 1 -1 1 -1 1 ... a, ay = 16, = EU = 3 
Apparent pattern: 1 1 
Each term is either 1 or —1 which implies that = p = 30) ын 
a, = (sh 
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51. Е e 12650 55. Rese 
2 n! 
a =1 а=2=2=5 
а = 2 0 1 
5 5 
1 1 Der со 
бул Ot ale 2 a TET 5 
- la =2+12)=3 а-2-2 
а, at Po 2 2 
5 5 
1 1 7 а 
а = dj + —d4 = 2 4 3) = dT eT 
E шил, 29) 2 3| 6 
DE ET 
53. a = lay = l,a; = а + 4,221 te AN? 24 
= ON [блм 
a =1 Bree (71) (n + 3)! 
= 1 2 57. а, = 
хал b-i-2 ^ n! 
a 214122 x " 
b = 3 —1)°(0 +3)! 3 
а 2241-23 Цаг ЕВ 
ENS 0! 0! 
а5 2342-25 43 
-1)(1+3)! 4! 
ds =5+3=8 b = 4 a 0 rae T 
a, =8 +5 = 13 b = 13 ` ` 
6 ~ 8g 2 
a = 13 +8 = 21 ММ DR GORDON к 
а = 21 +13 = 34 7 m 2! 2! 
— 34 
ayy = 34 + 21 = 55 b = 3i CyG-3! 6! 
a = = = —120 
a, = 55 + 34 = 89 by = 5 3! 3! 
ар = 89 + 55 = 144 _ во —1)/(4 +3)! 7 
12 bo = 55 а 41 He ) = 2 = 210 


59, — = 


4: (141) 1:2-997» (n+1) n«1 


6. Y Qi-)-Q 1) + (4-1) + (6 - 1) + (8 1) + (10 - 1) = 25 


65. 


6. 3 (k + DPE- 3) = GC) + (0) + (9°) + (90) = вв 


k=2 
4 jl ! ! ! ! 
gor eb. с жк Le Liu pi et 
I 2 Quit Dar eoe Oe 2 4 8 16 2 2 4 4 
4 -1/ 3 1 1 1 wd 
71. Tu 75. — t — t —— tet = — 
2208) 4) 30) 30) 39 23 


25 1 
TR 25719 


n=0 
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n Oee 


83. 


85. 


87. 


89. 


91. 


6 : 
3-9 + 27 – 81 + 243 – 729 = Y (-1) 3 


1-1 


Section 8.1 Sequences and Series 375 


12 2? 32 4? 52 62 7? T i 
+— + + + ZDA 
2 6 24 120 720 5040 40320  £ (1+1) 
13 7 15 2-2 
4 8 16 32 64 4 2" 
“ү {1 LY? Ly 7 
a = + = 
e D(z) 2 5 3 8 
E Y ү AÝ 15 
ы 2:5) (8) 6) E 
2-02 2 2 2 2 16 
5 (1Y $ Uere oer 87 
c = + + H - 
© ж 2) 2 2 3 В B 32 
3 ү 1 1/ 1Y 3 
а 4 = 4 +4 +4 = 
@ 2 2 E 2 2 2 
4 п г} 3 1} 5 
b 4 =4 4 +4 +4 = 
ОЭ 2 Е 2 2 e 4 
5 гү 1 ү 1Y 2 2 11 
с 4 = 4 4 +4 +4 +4 = 
ох 2 E 2 2 2 2 8 
229 
2173 


Y 64) = 0.6 + 0.06 + 0.006 + 0.0006 + --. 
1-1 


By using a calculator, 


У HL) = 0.7777777777 
bn | 

I($) = 0.7777777778 
k=1 
100 

08) = 3 
k=l 


The terms approach zero as п — œ. 


So, 2 4) = 1, 


93. (а) 


(b) 
(c) 


A, = $10,087.50 

А = $10,175.77 

А = $10,264.80 

A4 = $10,354.62 

As = $10,445.22 

Ав = $10,536.62 

A, = $10,628.81 

Ag = $10,721.82 

Ао = $14,169.09 

No; The balance after 20 years, 
Ago = $20,076.31 is not twice the balance after 
10 years, Ау = $14,169.09. 
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4 4 4 
95. True, 25 (P + 2i) = ` P 2». i by the Properties of Sums. 


1-1 1-1 1-1 


327.15 + 785.69 + 433.04 + 265.38 + 604.12 + 590.30 


97. = $500.95 


9. Y (x, - х) = У (x? -2хх +?) = Y x? - ху х; + пх? 


4 
101. The error was not summing the constant, > 3 = 12. 
k=l 


` (3 + 2k?) = Ў 34 уз 28 -(3-34-343)-(41/ + 2(2) «20) + 2(4°) 


К=1 


k k 
= (12) + (2 + 8 + 18 + 32) = 75 


-1 n+l 
103. b, = = 
2n+1 
First four terms: 5, = i 
b = -1 
b, = i 
b =-{ 
The terms bn are the opposite of the terms in Example 2: b, = —a,. 
105. m = di (0, 3) 107. m = 5, (1, 1) 
y=5x+b 
у=-ух+3 1=S()+b>b=4 
у y=5x-4 
анин шинж инж >x 
-8 -6 -4 -2 
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109. 


Section 8.2 


2 


Fag ai 
9 


Vertices: (0, +3) 


Asymptotes: y = +3x 


111. 


113. 


115. 


Arithmetic Sequences and Partial Sums 


x + 27у? = 9 
x? y? 
747 =1 
9 (1/3) 


Vertices: (+3, 0) 


Intercepts: (n z (+3, 0) 


Initial point: (4, 1) 

Terminal point: (6, —3) 

v = (6 - 4)i + (-3 - Dj = 2i - 4j 
Initial point: (5, —5) 

Terminal point: (—4, 0) 


v = (44 - SJi + [0 - (-5)]j = -91 + 5j 


Section 8.2 Arithmetic Sequences and Partial Sums 


11. 


13. 


. d, = q + (n – 1)а 


. A sequence is arithmetic when the differences between 


consecutive terms are the same or constant, which is 
known as the common difference. 


. 1, 2,4, 8, 16,... 


Not an arithmetic sequence 


. 10,8, 6, 4, 2,... 


| 
| 
№ 


Arithmetic sequence, d = 


Э ‚1,2, А4 
4 


Ale 


Arithmetic sequence, d = 


12 2? 32 4? 52 
Not an arithmetic sequence 


a, =5+3n 
8,11, 14,17, 20 
Arithmetic sequence, d = 3 


15. 


17. 


19. 


21. 


23. 


a, = 3 — 4(n - 2) 

7, 3, —1, -5, -9 

Arithmetic sequence, d — —4 
а, = (-1)" 

-1,1,-1,1,-1 

Not ап arithmetic sequence 

a, = (2")n 

2, 8, 24, 64, 160 


Not an arithmetic sequence 


a, = а + (п – 1)4 = 1+ (n – 1)(3) = 3n – 2 


a, = а + (n – 1)а4 = 100 + (n — 1)(-8) 
-8п + 108 


ll 


377 
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25. 4, A -1, диэн 37. a = 15, аы = d, +4 
а, = 15 + 4 = 19 
аз = 19 + 4 = 23 


a, = а + (n – 1)4 = 4 + (n D( 5) = Sn 


2 2 2 a, = 23+ 4 = 27 
а; = 27 +4 = 31 
27. а = 5, ац = 15 
10 39. ар = а, —2 > а, = а + 2 


а = а +34 > 15 = 5 +34 = а = = 
ds = 7 


a, = а + (п - 1)4 = 5 + (n (29) = Bn + 3 im] :2:9 
4,294221 


a, 21142 2 13 


29. a, = 94, а, = 103 


ay = a; +34 = 103 = 94 +34 > а = 3 
а = 13 +2 = 15 
a = a — 24 > a = 94 - 2(3) = 88 
a, = а + (п – 1)d = 88 + (п – 1)(3) 41. a = 5,4, = -l > d = -1 - 5 = —6 
= 3n +85 a, = q + (n — l)d = ay = 5 + 9(-6) = —49 
31. a =5,d =6 
i E E oe see о 
а = 5 8 4 4 8 8 
a 2546-11 eee КОИ asidi) 
а, 21146217 8 8/ 8 
a, = 17 +6 = 23 
li 45. S, = 19(2 + 20) = 110 
а; = 23 +6 = 29 2 
33. a, = 2, a = -64 47. 85 = 5(-1+ (-9)) = 25 
-64 = 2 + (12 +1)4 
49. a, = 2п – 1 
—66 = 114 
ЕТМЕ ар —la = 199 
а= 2 5100 = 100(1 + 199) = 10,000 
ОЕ яя 51. 8, 20, 32, 4, ... 
кыгын a = 8,1 =12,n = 50 
хан ae as, = 8 + 49(12) = 596 
a; = -16-6 = -22 
Sio = 20(8 + 596) = 15,100 
35. a, = 26,a = 42 
RET, 53. 0,9, -18, -27,..„ n = 40 
42 = 26 + 44 >d=4 a =0,d = -9 
dg = а + 74 ay = 0 + (39)(-9) = -351 
26 = а + 28 > q = -2 Sio = (0 + (-351)) = -7020 
a, = -2 
a =2+4=2 55. а, = l, аз = 50,n = 50 
50 
a,=2+4=6 Уп = 20(1 + 50) = 1275 
à, = 6+4 = 10 d 


а; 21044 = 14 


57. а = 9, as = 508, n = 500 
500 
У, (п + 8) = (9 + 508) = 129,250 


п=1 
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59. 


61. 


62. 


63. 


64. 


65. 


67. 


69. 


71. 


a, = 14, а = —580,n = 100 
100 


73. 


Section 8.2 Arithmetic Sequences and Partial Sums 379 
(a) 
450 
„ 400 
E 350 
3 300 
S 250 
S 200 
E 150 
Z 100 
50 
FEE ` 
Year 
(b) Change from 2016 to 2017: —39 
Change from 2017 to 2018: —159 
Change from 2018 to 2019: —121 
—39 — 159 — 121 
Average change: реше = 106.33 


75. 


77. 


100 
У, (-6n + 20) = (14 + (—580)) = —28,300 
n-l 
а, = -4n +8 
d = em so the sequence is decreasing and a, = 74. 
Matches (b). 
a, = Зп = 5 
а = 3 so the sequence is increasing and a, = —2. 
Matches (d). 
d, =2+ in 
d= i so the sequence is increasing and aj = 23. 
Matches (c). 
a, = 25 – Зп 
а = —3 so the sequence is decreasing and a, = 22. 
Matches (a). 
a, = 15 – ån 
14 
0 10 
0 
а, = 0.2n + 3 
6 
0 10 
2 
(a) a, = 32,500, d = 1500 
dg = a, + 5d = 32,500 + 5(1500) = $40,000 
(b) 5, = $[32,500 + 40,000] = $217,500 
a, = 15,4 = 3, п = 36 


Il 


93, 


S36 


15 + 35(3) = 120 


ll 


30(15 + 120) = 2430 seats 


3 
a, = (427 + 106.33) -106.33л 
= 533.33 — 106.33n,n = 1,2, 3, 4 


4 
(533.33 – 106.330) = 1070.02 


п=1 


(9 


The total number of new stores is approximately 
1070. 


a, = 16, a, 112 
d = 32 


a, = ап + с =32n+c 


48, аз = 80, ац 


€ = а, — dn 
c = q -d = 16 -32 = -16 
a, = 32n — 16 

7 


Distance = У (32n – 16) = 784 ft 


n-l 


True; given a, and a; then d = ay — a, and 


a, = а + (n - 1)а. 
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79. (а) a, = 2 + Зп 85. (5/7) = 15/14 
W log(5/7)" = log(15/14) 
Ер ө 
» 2 xlog(5/7) = log(15/14) 
24+ 
214 „° log(15/14) 
18 e x = —— 
15 Ї e log(5/7) 
2 e 
a? x = 0.205 
34 LJ 
| 87. [3/51 - 4") = -3 
(b) 1-4* =-5 
4 = 6 
xlog4 = 1086 
"me log6 
log4 
x = 1.292 
х 89. 3log;x = 6 
1123456789101 
logsx = 2 
(c) The graph of a, = 2 + 3n contains опу points at 52 = x 
the positive integers. The graph of y = 3x + 2 isa — 
solid line which contains these points. = 
(d) The slope m = 3 is equal to the common difference 91. 10255 = x- 7 


d = 3. In general, these should be equal. x = 7 + log,5 = 9.322 


ll 


К а-2 
81. a = x, x - 14(1 E x) 14(1 – x)(x? +х + 1) 
„=х+(п—1)2х “Дел Т (1 — x)(1 + x) 


14(x? +х + 1) 


a = 2х(1) - х= х ag = 2х(6) - x = 11x = EF 
a, = 2x(2)- х= 3х а = 2x(7) — x = 13x 
= Ч + 3 
аз = 2x(3) – x = 5x ag = 2x(8) - x = 15x l+x 
a, = 2x(4)-x = 7x а = 2х(9) – х = Vix sisri xx 
+x) 
а; = 2x(5) — x = 9x ao = 2x(10) – x = 19x 
83. The error was the value of 95. пасо = 


п = 50, as = 1 + (50 — 1)(2) = 99. So 
x-1 A B 


22:50 = 22 
5» = 5{1 + 99) = 2500. (x — 2)(х + 2) fon quc 


х-1= A(x + 2) + B(x - 2) 


x=2:1=44>5 A- 1 


x = -2:-3 = 4B > B=4 


iex 1l 3 
4-x  4(x-2)  4{x + 2) 
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Section 8.3 Geometric Sequences and Series 


1. 


п. 


13. 


15. 


17. 


‚ You can find the (л + 1)th term by multiplying the 


nth term by the common ratio. 


ratio 


‚3, 6,12, 24, ... 


Geometric sequence, r = 2 

zi dea 
* 27° 9° 3? 

Geometric sequence, r = 3 


Not a geometric sequence 


lcg RAI Te. 

Geometric sequence, r = -4/7 

а = 4,7 = 3 

а = 4 

a, = 4(3) = 12 

a, = 12(3) = 36 

a, = 36(3) = 108 

а; = 108(3) = 324 

a -lLlr- i 

а, = 1 

ГЕ 
SIIN aa 

a = X3) = 4 

Е 
zy 

кее 

a =lr=e 

a = 1 

a, = Қе) = е 

a, = (e (e) = е 

а, = (e? Ke) 2e 

ds = (eye) =e 


geese 


19. 


21. 


23. 


25. 


27. 


29. 


31. 


a =3З,г = 45 

a = 3 

а = 445) = 34/5 
a; = 4,5) = 15 

а = 445) = 154/5 
ds = 445) - 75 


a, = 2(3x) = 6x 

аз = 6x(3x) = 18x? 

а = 18x?(3x) = 54x? 
as = 54x°(3x) = 162x* 


7? 
n-l 

а, = ar"! = 4(4) 

р fav os 
ао 4(3) (3) T28 
а, =6,r = -рл = 12 

n-l 

a, = ar"! = ЕЗ 
кы] Гү, жу. кй 
В 3 3 ^ 59,049 


a =100,r=e,n=9 
a, = ar"! = 100(e)' = 100g 6-9 


a, = 100(e") = 100e% 


64, 32, 16, ... 
32 1 
yp = — = — 
64 2 
n-l 
a, = 64(1) 


381 
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33. 9,18,36, ... 
43. a, = -18,a, = = 
p 18 =2 
9 a, =? 
п-1 
= 9(2 
а, = 902) 5 = -1873 
27 
35. 6,—9,27,... жы рЫ 
-9 3 27 
r = — =—— 1 
6 2 mv eere 
= 2 n-l 3 
а, = 6 3) ) a 2/3 ; 
6,18, 54 шаа 
37. 6,18,54, ... 
18 = 2 n-l 
pees 45. a, = 18(2) 
i a, = 18апйг = 2 
a, = 6) — ! 3 
8-1 Because 0 « r « 1, the sequence is decreasing. 
а = 6(3) 
( y Matches (a). 
= 6(3 
n-l 
= 13,122 46. а, = 18(-2) 
39. 1 She T Because r = (-3) > —1, the sequence alternates as it 
elgg 
approaches 0. 
r= = = -1 Matches (c). 
3 
n-l 
п-1 47. =1 3 
ш =) 
Їз 2d Because a, = 18 and r = 3 » 1, the sequence is 
сан 3073) increasing. 
= ene Matches (b). 
37 
n-l 
1 48. a, = 18(-2) 


Because r = (-3) < —1, the sequence alternates as it 
z 2221 
41. a, = 16, a} = = 


4 approaches oo. 
а, = ar? Matches (d). 
27 = 16) 
: 49. а, = 14(1.4)"" 
DP p 
64 
3 
4 r 
n-l 

« = 1) 

3 2 
a, = 16(3) =9 
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53. 


55. 


57. 


59. 


61. 


63. 


65. 


Section 8.3 Geometric Sequences and Series 


7 
Sart =1+4 +42 447444445445 >a =1r=4 


n=l 


1(1 — 47 
$; = ша! = 5461 


y are esteem e г. 


6 
(1 - c7) 
$% = = -14,706 
1- (-7) 
20 n 21 п-1 1 2 20 
(3) = DEB = ZEB +45) + +3(3) > pere 
n=0 2 n-l 2 2 
2 
-G gap 
SS = —6|1 = 29921311 
3 2 
Pak 
2 


5 5 
У) 200(1.05)" = 200 + У 200(105) = 200 + [200(.05) + 200(1.05) + --- + 200(1.05) | 
n=0 n=l 


a = 210,r = 1.05 


1 — (1.05)? 
Ss = 200 + 210) —— ——— | = 1360.383 
1 + (1.05) 
40 n 2 40 
(A “2534-1544 z5 а =2,r =——,‚п = 41 
n=0 


10 + 30 + 90 + --. + 7290 = гүү ah 
нв e. X6) e 
r = 3and 7290 = 10(3) nzo M2 2 2 
1 
729 = 3"! a =\r= 5 
6=n-1 > п = 7 оо 1 п 1 
2 п-1 3, | | = Е Е = 2 
So, the sum can be written as DA 10(3) . 1-0 \2 l-r Le (5) 
п=1 2 
0.1 + 04 + 1.6 + ·:· + 102.4 2 2v >)! 2v 
s 9. 2--| =2+2—-—| +2—-—| +. 
г = 4 and 102.4 = 0.Y 4)" 6 2, | 3 | 2) | j 
1024 = 47! >5=n-l>n=6 ЕС. 
$ ; 1 E 3 
So, the sum can be written as 0.1(4)" . - n 
a or EN. 
0 3 l-r re 2 5 
3 


383 
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ч п 1 2 2 х [е d 
71. У (0.8)" = 1+ (0.8) + (0.8) + 81. s(x) = 6! (0.5) i» 4 22850534 
n=0 1- (0.5) n=0 2 1- 1 
а, = г = 0.8 2 
оо 1 20 
У (08) = es 
SU 1 — 0.8 
-4 10 
9 27 = (зү 8 
73. 8+6+4 + toes 8 = = 32 
2 8 2, | Ж 3 215 
4 The horizontal asymptote of f(x) is y = 12. 
со Я This corresponds to the sum of the series. 
75. -441-34 = 2: s C3 
T 83. V, = 175,000(0.70)° = $29,412.25 
The sum is undefined because 
|r| = |-3| =3>1. 85. Let N = I2t be the total number of deposits. 
r гү r 
о п $ : А = Р + Pil P 
77. 036 = Y0.36(0.01)" = же ==. \ à 5) ( a í E 


z 1-001 099 99 11 
= 3 — 0018 с | | a | | z) 40 ш E 
79. 0.318 = 0.3 + У 0.018(0.01)" = — + ——— 
= 10 1- 001 5 Эг 
r r 
-Р|1-4-У f14+— 
29.9018, 3, 18 a 0 | zb: z) 
10 0.99 10 990 10 110 : F 
"Emi i-( 55) 
110 22 = (1+ а 12 
12 


“feat 


87. 27° (4) 27°(5)(8) 2r yay : 2r yy - bà 2T (38) - 2465 = 273$ square inches 


n=0 


89. False. A sequence is geometric if the ratios of consecutive terms are the same. 


у= = 


(b) 


AS x > ә, y > 


l-r 
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Section 8.4 Mathematical Induction 385 
"- : 2. A 42 1 
93. The terms were divided in the wrong order. The common ratio is — = 51 = 2, not — = — 
а а) 
95. 97 is prime. The only positive factors are itself and 1. 
97. 65,537 1s prime. The only positive factors are itself and 1. 


9. 1+3+5+7+9=25=5 
101. 22 + (2k 42-1) =k +2k+1=(k +1) 


Section 8.4 Mathematical Induction 


1. mathematical induction 5 
. P кок +1) 
3. To find the first differences of a sequence, subtract 
consecutive terms of the sequence. Ba 3 = 5 
(k++) +1] (kk + 2) 


= 
"o 
! 


= K(k + 3)? 


ва = (6+1) +1) +3) = (k +1)(к y 


9.1. When n = 1,5 = 2 = ЦІ + 1). 
2. Assume that 
8 =2+4+6+8 +... + 2k = k(k +1). 
Then, 
Sua 


244-4648 + 26 + X(k +1) 
= S, + 2(k 1) = K(k +1) + 2(k +1) = (k + 1)(k + 2). 
So, we conclude that the formula is valid for all positive integer values of n. 
11.1. When n 21$ =1= 21-1, 
2. Assume that 
S =1+2+27 + 2 ---251-02-1, 
Then, 


Spy = 1424242 4-4 281 4 2 = S, + 20 = 28 -142 = 2/24) -1 = 26 - 1L 


So, we conclude that this formula is valid for all positive integer values of n. 


(1-1) 
13. 1. Мепи = 1,85 =1= 2 
2. Assume that 
k(k + 1) 
Doar халаг Ола 
Then, 
k(k +1 Ak +1 k+1\(kK +2 
Sey =14243444--4h + (k*1 = S + (kK +1) = а um (s p аи 1 с 


So, we conclude that this formula is valid for all positive integer values of n. 
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1(2(1) – 1)(2(1) + 1 
15. 1. When n = 1,5 = P = 20) Ie 
2. Assume that 


S, = P +3 eel = 


Then, 
Skai = P +3? +- + (2k — 1) + (2k + 1) 


= S, + (2k +1) = ADEN): (2k +1) 


= (2k 4 ie D Bes 1 - x Цэг — k + 6k +3] 


= m з) +1) = (к + 1)(2(k + 1) : 1)(2(k + 1) +1) 


So, we conclude that this formula is valid for all positive integer values of n. 


() 03) (20) + 20) - 1) 


12 1 


17.1. When n = 1, 5 =1= 


2. Assume that 
2 
k K(k +1) (2 + 2k - 1) 
i=l 12 


К (К +1) (2k + 2k -1) 12-01) 


12 12 
(k + Y [eue + 2k = 1) + 1206 +1] 
H 1 12 
(к +1) 2896-26-42 + (8 + 3k? + 3k + 1)] 
12 
O (k + ly [24* + 14/8 + 35k? 36k + 12] 
12 
(k +1) (k? + 4k + 4)(2K? + 6k + 3) 
12 
(k + 1P (k + 2 [26 +1)? + 2(k +1) - 1] 
12 


So, we conclude that this formula is valid for all positive integer values of n. 
Note: The easiest way to complete the last two steps is to “work backwards.” Start with the desired 


expression for 5,,| and multiply out to show that it is equal to the expression you found for 5, + (k + 1). 
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19. 1. When n = 4,4! = 24 and 2^ = 16, thus 4! > 2+. 
2. Assume 
k! > 2*,К > 4. 
Тһеп, 
(К + 1)! = kk +1) > 2*(2) since k! > 2^ and k & 1 > 2. 
Thus, (k + 1)! > 257 


So, by extended mathematical induction, the inequality is valid for all integers п such that n > 4. 


1 1 1 1 
21. l. When n = 2, — + —— = 1.707 and VZ = 1414, thus —— > A2. 
1 V2 Ur p 
2. Assume that 
1 1 1 1 
— +++ + —=> Vk,k > 2 
Mie Se ї 
Then, 
Me + _1_ + l Mes ep. + 1 > k + 1 
VJI /2 АЗ Vk ~k+l Vk+1 
Now it is sufficient to show that 
1 
Vk + > Vk +1l,k 2. 
Vk +1 
or equivalently (multiplying by Vk + 1), 
МКК +1+1> EUER 


This is true because 


Mk k 141» kk -12 kl. 


Therefore, 


1 1 1 1 1 
= + в в Б в о /К +1. 
Л о /2 5 ME. sheet 


So, by extended mathematical induction, the inequality is valid for all integers п such that n > 2. 


23. 1. When n = 1, Р + 3(1)° + 2(1)| = 6 and 3 is a factor. 


2. Assume that 3 is a factor of К? + 3k? + 2k. 
Then, (k +1) + 3(k + 1 + 2(k +1) = k? + 3E? + 3k +14 32 + 6k +3 42K 42 
= (K? + 3k? + 2k) + (3k? + 9k + 6) 
= (C + 3k? + 2k) + 3(k? + 3k + 2). 
Because 3 is a factor of each term, 3 is a factor of the sum. 


So, 3 is a factor of (n? + Зи? + 2n) for every positive integer n. 
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25. Prove 3 is a factor of 22"*! + 1 for all positive integers n. 


1, When n = 1,27"! 1-2 41-28-41 = 9 and3 is a factor. 


2. Assume 3 is a factor of 27**! + 1. 
Then, 
2X1) ae] 22684241 -1- 20k«1)«2 is 22841 Я 22 4 22541 dei = 4022" ds 1) meee 


Because 3 is a factor of each term, 3 is a factor of the sum. 


So, 3 is a factor of 2?"*! + | for all positive integers n. 


27. $, 214-549 +13 +- + (4n - 3) 
S 2121:1 
85 =1+5=6=2.3 
53 = 1+5 +9 = 15 = 3:5 
54 =1+5 +9 +13 = 28 = 4:7 


From this sequence, it appears that 5, = n(2n — 1). 


This can be verified by mathematical induction. 


1. The formula has already been verified for n = 1. 


2. Assume that the formula is valid for n = k: 1+ 5+9 +13 +- + (4n — 3) = n(2n - 1). 


Then, 

S, = [1454913 + (4k – 3)] + [4(k 9 1) - 3] 
= k(2k — 1) + (4k +1) 
= 2k? +3k +1 


= (k + 1)(2k + 1) 
= (k + 12k +1) - 1] 


So, the formula is valid. 
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1 1 1 1 1 
5, = = + H + Eee 
4 12 24 40 2n(n + 1) 
patai 
4 2(2) 
P 1 1 4 2 2 
4 12 12 6 2(3) 
1 1 1 9 3 3 
5, E T = = = 
4 12 24 24 8  2(4) 


S4 = —4 + + = = = 


n 


From the sequence, it appears that 5, = —————. 
2(n + 1) 


This can be verified by mathematical induction. 


1. The formula has already by verified for n = 1. 


2. Assume that the formula is valid for n = k: d : H І : Fed І = 5 
4 12 24 40 2n(n +1) 2(n +1) 
1 1 1 1 1 k 1 
Then Sky = |= + | Raed | = + 
OS 1 12 40 2k 1)| 2 1(k-2) 20841) 2k + 1k + 2) 
k(k+2)+1 1228-41-00 (k+ k«l 


Ak + 1k +2) 2(k+1)(k+2) Ak + 10)(к +2) 2k +2) 
So, the formula is valid. 
39. 4, 10, 20, 34, 52, 74, ... 


n=l Quadratic 


52554125) -1| 35) + 35) - 1] 
a 30 


n=l 


а+Ь+с= 4 
10 
9a + 3b + c = 20 


= 979 4a + 25 + с 


| 37 1 7 Ё 35 _ $n Solving this system yields a = 2,b = 0, and c = 2. 
n=l n=l n=l So, a, = 2n* + 2. 
6(6 + 1)[2(6) +1] 6(6+1) 
= 6 2 41.a,20,4,-2a,4, +3 
-91-21- 70 а= а = 0 
а = +3 = 0+3 = 3 


a, = а +3 = 3+3=6 


. 5, 14, 23, 32, 41, 50,... 


Linear a = а +3 = 6+3 = 9 

Note: This is an arithmetic sequence. а5 =a, +3 = 9+3 = 12 

а= 5,4 = 9 d; = а +3 = 12 +3 = 15 
a, = 5 + (n - 1)(9) gue 03 6 9 12 35 
MM М УТАУ 


First differences: du 3 351252 
NU NPN NZ 
Second differences: 0 0 0 0 
Because the first differences are equal, the sequence has 
a linear model. 
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43. a = 4а, = a,_, + Зп 
а = а = 4 
d; = d + Зп = 4 + 3(2) = 10 
аз = a + 3n = 10 + 3(3) = 19 
а, = а + Зп = 19 + 3(4 
ds = a, + Зп = 31 + 3(5 


а6 = ау + Зп = 46 + 3(6) = 64 


gs 4 10 19 31 46 64 
n XX XXY 
First diff i 
irst differences Nu KP AN CU МИ 
Second differences: 3 3 3 3 


Because the second differences are all the same, the sequence has a quadratic model. 
45. à = 3a = 3, ац = 15 


Let a, = ап? + bn + c. 


Then: 
а = a(0)* b(0) c= 3 > с = 3 
a = a(i}? b(1) c= 3> a b с = 
а + = 0 
a, = а(4) + М4) + c = 15 — 16a + 4b + c = 15 
16a + 4b = 12 
4a + b = 3 
By elimination: -a – b = 0 
44-5 23 
3a -3 
a=l>b5=-1l 
So, a, = п? —n +3. 
47. First differences: 55. (x + у) = (х + yx +у) = х2 + 2ху + у? 
19.65 – 19.65 = 0 
19.63 — 19.65 = —0.02 57. (y - 2) -(у- 2) (y = 2) 


19.59 — 19.63 --0.04 
19.53 — 19.59 = —0.06 
19.45 — 19.53 = —0.08 


A linear model is not appropriate because the first 3 
differences are not equal. 59. (x + 4) 


= (у? 4у 4 4)(y? 4y 4 4) 


yt — 8y? + 24y? – 32y + 16 


Il 


(42) + 3(x2) (4) сэх 4-4 


x5 + 12x* + 48x? + 64 


ll 


49. False. It has n — 2 second differences. 


n(n + 1)(2n + 1) 61. (x + у) = 1 


51. The formula should be used. 


i5. 10 11020589011 
= 285. ДЕП 713! 
| 10.9.8 


So, Pa Pang = 90 + D08 +1) 


= 120 
53. At some point, the pattern may fail. Answers will vary. 
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! 1 
бы з nube 
0! 8! 0! 
5х 1 1 
67. — +- = х - = 
4 2 2 
X14 
4 
x-2-4 
2 
Check RU 4 1 
2 2 
ag ge x 12822 
2 2 
Rm ЖУ у 
2 


Section 8.5 The Binomial Theorem 


1. expanding 13. 1 1 
1:2 vA 
3. Both the Binomial Theorem and Pascal's Triangle can be ! 2 3 Й 3 1 l 
used to find binominal coefficients. Ч, 5 10 10 d 
1 6 1515 6 1 
5! 5.4 
6 
Sac ae a зар 0 () = 20, the 4th entry in the 6th row. 
12! 
C, - 15. 1 
"rufo a 5 28. 
1 2 1 
ES 1-8% 1 
PULO UND UE E uS M P NEP TOC do 
`\4] 6-4 624) 1 G)w ws 1 


5 
ї — 5, the 2nd entry in the 5th row. 


11. 


100 ! ' 
| )- Шу 1009997 0 


2! . 98! 2.1 


17. (x + 1)? = Cox + „Сх5(1) + Cx (D) + «Су20) + «Cox ()' + Сх) + c) 


= x° + бх? + 15x47 + 20x? + 15x? + бх +1 


307° — 3С\у*(3) + jc») Е scu) 
= ly? - 3y?(3) + 33. - (Зу 
= у -9y + 27у – 27 


19. (у - 3) 


21. (r + 3s) = 3Cor? + 32035) + 5Су(38) + 3С (35) 


I? + 3r? (3s) + 3r(3s + 135), 

= r? + 9r?s + 27rs? + 2787 
23. (3a - 4) = ,С(Зау -.С(За) (45) + 5C Ga) (4b) — 5C3(3a) (45) + С.(За|45) — «С.(45) 
= (1)(243a°) — 5(81a*)(4b)  10(27a?)(165?) — 10(9a?)(64b*) + 5(3a)(256b*) — (1)(102455) 
= 243а` — 1620a*b + 4320a°h? — 5760a*b* + 3840ab^ — 1024b° 
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25. 


27. 


29. 


31. 


33. 


35. 


37. 


39. 


4 


- 


43. 
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2 3 4 


(a + 6! = „Сза* + 4C03(6) + Ca? (6). + «Сза(6)? + 4C,(6) 
= la* + 4a°(6) + 6a7(6) + 4а(6) + 1(6)' 
= a^ + 24a? + 216a? + 864a + 1296 


(y = 1) = «Cu - «уу ан эр = «ey * yd) = 6Csy(1)° + 0): 
= 136 — 6y*(1) + 15y*(1) — 20?(1 + 15y?(1)* - 6у(1) + 1(1)° 
= yf – бу? + 15у – 20? + 15у? - бу +1 

4th Row of Pascal's Triangle: 1 4 6 4 1 

(3 -2z)! = 3* - 4(3) (22) + 6(3) (22)? – 4(3)(2z)° 4(2:) 
= 81 — 2162 + 21622 — 962°? + 16z* 


5th Row of Pascal’s Triangle: 1 5 10 10 5 1 


(x + 2у) = 10 + 5х*(2у) + 10х°(2у)? + 10х2(2у) + 5х(2у) + \(2y)° 
= х? + 10х4у + 40x3y? + 80x7y?  80xy* + 32y° 


(2-3) = (2) + Qn) (02) + ero) + ey + o) 
= (137) + (90?) + ((x*»*) + (90»*) + 019) 


= x8 + Ax$y?  6x*y* + 4х2у? + у? 


iy D. 1} ү 1 
«( | H «(| E | < E * «( E | < n + sCsy° 
x X X X X 
5 4 3 2 
2) + +} y+ wt у? + wt y + {у dy 
X X X X X 


1 5 105)? 105? sy 
= ч а У 2E y 
X X X X X 


LN 
x |= 
+ 
M 
INA 
a 
1 1 
Em 
„т 


N 
— 
з 
| 
w 
32 
Ъ 
+ 
Ол 
л 
+ 
| 
w 
E 
N 
1 


2 «Cox’ - 4Cx3(3) + (Су 9)! – 4Cyx(3)° + (c | + see + 3Ca(3) + 2,3) | 


2x4 = 4(x°)(3) + 6353) – 4(х)(°) + 3* + sp? - 269) -37| 


2(x* 12x3 + 54x? — 108x 4 81) | Bp? 6x 4 9) 


= 2x* — 24? + 13x? — 246x + 207 


The 4th term in the expansion of (x + у)" 15 45. The 10th term in the expansion of (10x -3 у)? 15 
10-33 _ 7,3 = 
юбзх "y = 120х у. г2С,(0х) ^ (-3y). = 220(1000х7)-19,683у?) 
- 3,9 
. The 3rd term in the expansion of (x 2 буу 18 = —4,330,260,000x у. 
= 2 
SC (6y) = 10x°(36y°) = 360x y. 47. The new term involving ax? in the expansion of 
6. 
А (x + 2) is 
The 8th term in the expansion of (4x + 3y) is 
6 
ч Cu] et. = 160x. 
оС, (4х)' (Зу) = 36(16x?)(2187y’) «ex (2) 31.3! 
= 1259,712x? y. The coefficient is 160. 
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49. The term involving х2у in the expansion of 


55. 


57. 


59. 


61. 


63. 


65. 


67. 


(4x – уу? 18 
8 10! 


i Cs (4x) (-y) = (10 — 8)8! 


The coefficient is 720. 


—— .]6x?y? = 720x?y*. 
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51. The term involving х* у? in the expansion of (2x Е 5x) 


is 9С. (2х)“(-5у) = 126(16x*)(-3125y°) 
= —6,300,000x*,?. 


The coefficient is —6,300,000. 


4 
53. The term involving xêy = (x!) y® in the expansion of 


(x? + y)” is pCl?) ys 220 


5 ag) v = 210355, 


The coefficient is 210. 


(Vx + 5) - (Vz) + x) (5) + Xx (5) + 5 = x + 15x + 75x"? + 125 


(x yy E (425) 4529) (у) " 3(x78)(y'8)" 2 (у) = x2 B yl + 34232 — у 


+] 


/(х +h) =f) (xehy-x 
h B h 
X + 3x°h + 3xh? + АЎ 
л h 
h(3x? + 3xh + h?) 
h 


Зх? + 3xh + h’, h = 0 


f(x +h) — f(x) (+ Ay - x 
h h 


(avi + avi (s) + вч (5 + prj) + (и 


= 81? + 108/77 + 54? + 1215/4 +t 


хб + 63x2h + 15xth? + 20:91). + 15x? h^ + 6xl? + ho — x® 


h(6x° + 15x4h + 20:282 + 15х21 + 6xh* + т) 


h 


= бх? + 15х*л + 20:08? + 15x7h? + 6xh* + h’, h x0 


f(x +h) - f(x) Мх th У 


h h 
Mx +h Мх Ix th +-/x 
h every ree 
EE ULL 
Neh i) 


1 
m————————,hs0 
xh x 


1-4) 
1+41-6- 4+1 
= —4 


4C). + GAE + 6) P + GOP + ‚С? 
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69. 


71. 


75. 


77. 
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(2 - У) = (2 -= 2) 
= 40825 = 402501) + 6,2400)? — 201) + 402701) - 46201 + 4601) 
= (1)(64) — (6)(32)(2i) + 15(16)(—4) — 20(8)(-8i) + 15(4)(16) - 6(2)(32/) — 64 


= 64 — 384i — 960 + 12807 + 960 — 384i — 64 
= 512i 


| z 2) и T 134843) + 3(-1)(V3i) + (м) | 
= H-1 + 3/3 +9 3 3i] 


. (102) = (1 + 0.02)" 


= 1 8(0.02) + 28(0.02)" + 56(0.02)' + 70(0.02)* + 56(0.02)° + 28(0.02)° + 8(0.02)’ (0.02) 
= 1+ 0.16 + 0.0112 + 0.000448 + --- 
= 1.172 
(299): = - 0.01)" 
= 312 — 12(3) (0.01) + 66(3) (0.01) — 220(3) (0.01) + 495(3) (0.01) 
-792(3) (0.01). + 924(3)^(0.01)^ — 792(3) (0.01) + 495(3)*(0.01)' 
-220(3) (0.01) + 66(3) (0.01)^ — 12(3)(0.01)'' + (0.01)" 


= 531,441 — 21,257.64 + 389.7234 — 4.3303 + 0.0325 — 0.0002 + --- = 510,568.785 
p 23 
017.274 13 
AM HET 
| 4 6 a 1 
1 75 A07, 197 ^s 1 


ot 6 15°20 15 6 1 

2s T 21 35 35 21 7 1 
7 
The first nine terms of the sequence are 1, 1, 2, 3, 5, 8, 13, 21, 34, ... 
After the first two terms, the next terms are formed by adding the previous two terms. 
a —-lLlaj,-21 
а, =а+а,=1+1=2 
a, = а +a =14+2=3 
а; = а +a, = 2 +3 = 5 


а = а +а; = 3 +5 = 8 


ау = а; + а = 5 +8 = 13 


This is called the Fibonacci sequence. 
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79. 


81. 


83. 


85. 


87. 


89. 


f(x) = xX — 4х 
g(x) = f(x + 4) 
(x + 4) – 4(x + 4) 


хэ + 3х2(4) + 3х(4| + (4) - 4x - 16 
x + 12x? + 48x + 64 — 4x — 16 


x + 12x7 + 44x + 48 
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The graph of g is the same as the graph of f shifted four units to the left. 


f(x) = -xt + 4x! - 1, g(x) = f(x - 3) 
g(x) = f(x - 3) 
-(x - 3j + 4(x - 3)? -1 


{< + Ax (3) + 6x?(-3) + 4x(-3)° + (3) + A(x? – 6x +9) - 1 


= —x* + 12x? — 54x? + 108x — 81 + Ax? – 24x + 36 – 1 


= —x* + 12x? — 50x? + 84x — 46 


The graph of g is the same as the graph of f shifted three units to the right. 


f(t) = —5.893? + 91.35¢ – 18.0,2 <t <9 
(t = 2 © 2012) 
(a) g(t) = f(t + 2) 
= —5,893(r + 2)? + 91.35(¢ + 2) — 18.0 
= -5.893(P + 4t + 4) + 91.35(t + 2) — 18.0 
= —5.893£? + 67.781 + 141.,0 <t <7 
(t = 2 © 2014) 
(b) 400 
5 
j 
0 9 


(c) Twitter exceeded 300 million monthly active users when / = 5, or in 2015. 


True. The coefficients from the Binomial Theorem can 
be used to find the numbers in Pascal's Triangle. 


False. The coefficient of the x-term of (n - 4)? is 
9€,(4)° = —589,824. The coefficient of the x?-term is 
9С,(4) = 589,824 

The first and last numbers in each row are 1. Every other 


number in each row is formed by adding the two 
numbers immediately above the number. 


91. The functions f(x) = (1 - x) and 
k(x) = 1- 3x + 3x? + x? 


fand к have identical graphs, because k(x) is the 


expansion of f(x). 


» «(fo - zia) m 
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! 
95, „С, = i 99. f(x) = =x -4 


= оол Average rate of change = [2 — СО] 
22 ” ЕЕ 
(п - ғ) - Е | | 3 з) 
= „С. 4 
Оо и ag n шоуг 
(п = п)! (n—-r-*1yKr — 1)! 4 3 
= n(n = r + Dr — Dt n(n п) E 2 
(n — r)rXn — r + Dr — 1)! Эр тайлдаг 
Е n (n = r + Wr = 1) + rn — 21 Average rate of change — 100) - 70] _ /(0)] 
(п - ryrn -r+ Dr - 1) (3 Е 0) 
Ё 20554112 = r Dr r(n - 21 = Hose = 3 E 6] 
(n -r)Y(n-r- 1 (2-1) 2-27 
Е n(n-—7 (п - r*1)r] E: 
(л=п = г + 1) 
E nin + 1 
_ (п +1)! 
i С +1) – rv 
= aua 
103. fx)-22)06-x-x 
Average rate of change — OLI 
_ [028-16 - 4) - Q -1- 1] 
3 
_ 108 
ЕЕ 
= 36 
105. 9 2. 6 _1 109. f(x) = х + 2x7 +x+2 
7 7-6 7 


Because i is a zero, so is i. 
f(x) = x(x*2)- x42 
= (x + 2)(x? + 1) 


(n+ 9)! (п + 9)(n + 8)(n + 7)! 
(n + 7)! (n + 7)! 


= (n + 9)(n + 8) 
zeros:x = —2, +i 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


111. 


f(x) = х? – 9x? + 28x – 40 


Because 2 — 2i isazero, so is2 + 2i, and 


[x -= (2 - 2i) [x - (2 + 23] = (х - 2) + 2i][(x - 2) 
= (x — 2)’ - Qiy 
=x? – 40+ 4 – 42 
=x? – 4х + 8 


is a factor of f (x). By long division you have: 


х—5 


x! — 4x + 8d x — 9x? + 28x — 40 
х? — 4x? + 8x 
—5х? + 20x — 40 
—5x? + 20x - 40 
0 
f(x) = (x? – 4x + 8)(x - 5) 


Zeros:x = 2 + 2i, 5 


Section 8.6 Counting Principles 


11. 


13. 


15. 


. distinguishable permutations 


. A given set of n elements forms exactly one 


combination, whereas different arrangements of the 
elements may form numerous permutations. 


. Odd integers: 1, 3, 5, 7, 9, 11 


6 ways 


. Prime integers: 2, 3, 5, 7, 11 


5 ways 


. Divisible by 4: 4, 8, 12 


3 ways 


Sumis9: 1 + 8,2 + 7,3 + 64 5,5 + 4, 
6+3,7+2,8 +1 


8 ways 


Amplifiers: 3 choices 

Compact disc players: 2 choices 
Speakers: 5 choices 

Total: 3-2-5 = 30 ways 


Math courses: 2 

Science courses: 3 

Social sciences and humanities courses: 5 
Total: 2-3-5 = 30 schedules 


2i] 


17. 


19. 


21. 


23. 


25. 


27. 


29. 


31. 


33. 
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2° = 64 


26 · 26 · 26 · 10 · 10 · 10 · 10 = 175,760,000 


distinct license plate numbers 


(a) 9-9-8 = 648 
(b) 9.10.2 = 180 
(c) 6-10-10 = 600 
(a) 8-7-6-5-4-3-2-1 = 40,320 
(b) 8-1-6-1-4-1-2-1 = 384 
5! = 120 ways 

5! 5! 
Р, = 25.4220 
52 (5-2) 3! 

! ! 

oso deo АВ з» peo 

12-2)! 10! 
15Р, = 2730 
50Р, = 5,527,200 
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35. The number of permutations of 9 possible donors taken 43. ABCD BACD CABD РАВС 
3at нэг” iu ABDC BADC CADB DACB 
98, “(0-3) ACBD BCAD CBAD DBAC 
9 | ACDB BCDA CBDA DBCA 
E zip ADBC BDAC CDAB DCAB 
= 504 ADCB BDCA СОВА DCBA 
possible orders. | 
тэргэн ore qe 
15! 446-4) 412! 
37. В, = ue 1,816,214,400 
| 9! 9! 
different batting orders 47. ‚б, = 9(9 - 9)! = 90 ^ 
7! 7! 
39. їз 28 ^75 49. С; = 120 
Р T 51. „С, = 38,760 
41. —————— =—=7.-6-5-4-3 = 2520 
ипппин 2 53. There are ,C, = 15 different combinations: AB, AC, 


AD, AE, AF, BC, BD, BE, BF, CD, CE, CF, DE, DF, EF 


40! 


55. (Ср = ——- = 5,586,853,480 ways 
oe 2802! 4 
57. There are 22 good units and 3 defective units. 
22! 21 3! 
a C, = — = 7315 ways b С, ЗС = —— - — = 231-3 = 693 ways 
(a) „б 418! y: (b) © : 3C; 2000! 2H! y 
22! 22! 3! 22! 3! 
с С, + 20 : 4C; + 3€, 3С = . H . 
(0 nC t n6 38 + 202 30 = ug + angi тор * 2001 2m 
= 7315 + 1540-3 + 231-3 
= 12,628 ways 
59. (a) Select type of card for three of a kind: ,3C, 
Select three of four cards for three of a kind: ,С, 
Select type of card for pair: 12C, 
Select two of four cards for pair: 4C; 
13! 4! 12! 4! 
i31 7 465 оС а = = 3744 


(13 = 1) (4-3)9 (2-1) (4-2)2 
(b) Select two jacks: 4C, 
Select three aces: С; 
4! 4! 


CG -4G = e — = 24 
^? 77 (4-2) (4-3) 


7 2 20 
(7—1)! (2-3)3 (20-2)?! 


61. Ci - 504 © 202 = = 292,600 


63. С, — 5 = 10 —5 = 5 diagonals 


65. gC, — 8 = 28 - 8 = 20 diagonals 
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Section 8.6 Counting Principles 


67. 4- „Р, = „Р, Note: n 2 1 for this to be defined. 
(1-1) (п + 2) 
(1-1) (n-1) 
A(n + 1)(n) = (п + 2)(n + 1)п (We can divide by (n + 1)n because n + -land n = 0.) 
4=n+2 
2= п 
69. 413 = 4: „Р, Note: п 2 2 for this to be defined. 
(n Dr _ 4 n! 
(n — 2)! (n — 2)! 
(n + 1)(n)(n — 1) = 4(n(n —1) (We can divide by n(n — 1) because n + 0, and n = 1.) 
n+1=4 
n=3 
71. 14: ,B = „Р Note: n 2 3 for this to be defined. 
! 
id. d (n + 2)! 
(n — 3)! (n — 2)! 
14n(n — 1)(n — 2) = (n + 2)(n + 1)n(n - 1) (We can divide here by n(n — 1) becausen + 0,n #1. 
14(n — 2) = (n + 2)(n + 1) 
14n – 28 = п? + Зп + 2 
0 = n? — 1n + 30 
0 = (n — 5)(n — 6) 
n=5 or n=6 
73. „B = 10: „Вв Note: n 2 4 for this to be defined. 
n! d а. 
(n - 4) (n - 4) 
: 5 qm i 3 We can divide by (n — 1)(n — 2)(n — 3) because 
n du Xn Е гч Xn Xn п +l,n = 2,andn # 3. 
n= 


оазе 83. „С 4 us 
: шэн ines Gre = 
"7 am " (0-(п-1) л-1) (0n - 1) 
n! C 
77. False. = (7-1 " 1 
Itis an example of a combination. 
6116! 6116! 
79. Р; > 40, 85. ( ) 2 ( ) 
22| 22.21: 20-19-18 - 17 - (16!) 
Changing the order of any of the six elements selected 
results in a different permutation but the same = 8-3-4-3-2 
combination. 22-21-20 -19- VK -17 
! ! ! UN. 
81. n Pia = - = = ^ш n P, 74,613 
(n-(n-1)y) 1 o 


399 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


400 Chapter 8 Sequences, Series, and Probability 


тэ (229) E| 201(9!) | 
29! 29-28-27-26-25-24-23-22-21-(20) 
-4 #.8.7.6-5.#.7.2 | 
29.26. 27 - 26-25- 24 - 23.22.21 
1 
3,338,335 


89. The 3rd term in the expansion of (2x + зуу 18 91. The 7th term in the expansion of (8x — 5yy is 


sC2(2x) (Зуу Е 1o(2* (3? y? spe C (85) (-Sy)° - 28(8°)(—5)°х^у° 


28,000,000 x2. 


13... 


93. The 6th term in the expansion of (-3x — 9y)' is 


iaCs(—3x)' (9p) = 1287(-3) (-9) x^^ 
-498,610,169,343 x8y5. 


-8 = a(-2) + b(-2) + с = 4a - 2b + c Equationl 
10 = a(4p + b(4 + c = 16а + А + c Equation2 
12 = a(8) + b(8 + c = 64a + 8b + c Equation3 
4a — 2b + c = -8 

12b - 3c = 42 —4Eq.1+ Eq. 2 


40b — 15c = 140 -16Eq.1 + Eq.3 


4а — 2b + с = -8 
12b - 3c = 42 
15 3 
= —c = 0 -SEq.2 + —Eq. 3 
2 А 24 
c=0 


09-30) = 42 > b= 7 


"ERU ME (pete iae 
2 4 
Solution: a = zm b= PA c=0 
4 2 
: Lese (952038 
The quadratic equation is y = us + 57 
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Section 8.7 Probability 


1. experiment; outcomes 
3. event 


5. n(E); n(S) 


7. The probability of a certain event is 1. 


9. (H, 1), (H, 2), (H, 3), (H, 4), (H, 


(7,1), (T, 2), (T, 3), (T, 4), (T, 5), ^" 29 


11. (АВС, ACB, BAC, ВСА, САВ, СВА| 


21. E = [Ks Ko, Kv, Ka, Оз, Qe, Ov, ОА, Ја, Jo, Jv, ЈА) 


KE) 12 3 


_ n(E) 6 3 
Ce mS) 52 26 
25. E = (15) 2.4). (3,3), (4.2). 5.1) 
_ mE) 5 
22 = n(S) 3 36 


27. Use the complement. 


E' = {(5, 6), (6.5) (6. 9) 


P(E’) = 


29. 


в к 


Е; = {(1,4), (2,3), (3, 2), (4.1). (E 


Е, = {(. 6). (2,5), : i (4,3),(5,2 


E = E U E; U E 
n(E)=2+4+6=12 
Е) 12_1 


mS) 36 3 


Section 8.7 Probability 401 


13. [AB, AC, AD, AE, BC, BD, BE, CD, CE, DE] 


15. E = (HHT, HTH, THH} 


P(E) = 
(E) a(S) 
31. P(E) = 3С2 
«Ca 
зз. P(E) = #2 
«Ca 


1 

8 
3 1 
15 5 
"P 
15 5 


35. (a) 0.124(6,000,00) = 744,000 unemployed in the 


16-19 age group 
(b) 17.1% ог LL 


(c) 53.4% or 


1000 


534 .. 267 


1000 500 


(d) 11.8% + 5.3% = 17.196 or 171. 


1000 


1 


37. (a) 104 _ 13 
128 16 
24 3 
Бу; ош. 
© тз 716 
52 — 48 
("D$ ^ 


32 


39. | — 0.37 — 0.44 = 0.19 = 19% 
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„Св _ 3003 21 
» Ci 184,756 1292 


„б 4C, _ 64,350 225 


41. (a) = 0.016 


(b) = 0.348 
mon 184,756 646 
Со 5С. 1sCio , 25,025 + 3003 28,028 
(с) + + 
5p Gis Mon 184,756 184,756 
_ 49 
7823 
= 0.152 
dare. 
Р; 120 
1 1 
Zi ил 
444 
45. (a) 2 - га 
ю B=} 
16 4 
(с) 22 = 1 


„С, _ 126 dd 


47. (а) C. 405 ^ 55 (4 good units) 
24 
: 10 12 
(b) 9С, e = p 2 m (2 good units) 
on 
(c) „С.С _ 252 28 (3 good units) 
Cy 495 55 


1 
At least 2 good units: 5 + + = 


49. (a) P(EE) = E 20 - i 


29 29 _ 84 


(b) P(EO or OE) = 2(20)(20 
) 40 40 1600 


(c) P(N; < 30, №, < 30 


(d) P(N.M,) = 30.5 = 020 


51. P(E’) = 1- P(E) = 1 – 0.73 = 027 


= = 1_4 
53. P(E’) = 1- P(E) »1- 2$ 


55. P(E) = 1 - P(E’) = 1- 029 = 0.71 


57. 


59. 


61. 


63. 


65. 


67. 


69. 


71. 


73. 


P(E) = 1- P(E’) =1- 3 = 35 


(а) P(SS) = (0.985)? = 0.9702 
(b) P(FF) = (0.015) = 0.0002 


(с) P(S) = 1- P(FF) = 1 – (0.015)? = 0.9998 


1 
ay == 
(a) 3% 
18 9 
b — = — 
0) 38 19 
2 18 20 10 
© 20810523 
38 38 38 19 
1 1 1 
O — l7 cuu 
38 38 1444 
(с) 18 18 18 _ 5832 _ 729 
38 38 38 54,872 6859 
True. Two events are independent if the occurrence of 


one has no effect on the occurrence of the other. 


The only numbers from 1 to 15 greater than 12 are 13, 
14, and 15. So, the probability of selecting one number 


greater than 12 is 2 and the probability that both 


numbers are greater than 12 is (2)(2) = 585 = x 


P(A) = 0.76 and P(B) = 0.58 

(a) A and B cannot be mutually exclusive, because 
P(A) + P(B) = 0.76 + 0.58 = 1.34 > 1. 

(b) 0.76 € P(A U B) € 1, where 
P(A о B) = P(A) + P(B) – P(A ^ B). 


If a weather forecast indicates that the probability of 
rain is 4096, this means the meteorological records 
indicates that over an extended period of time with 
similar weather conditions it will rain 4096 of the time. 


68-12 2-6). 
= -6(-1)i + (-1) 
= 6 – 1 
= -l + 6i 
f(x) 29-x 


fis not one-to-one ( J) = f(-1) = 8). 


No inverse function 
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l. | : : 
75. h(x) = — is one-to-one, so it has an inverse function. 
x 


у = V3x - 6 
1 
P x = 4/3у - 6 
1 x? = 3y – 6 
х = — 
у Зу = х +6 
pe _ x +6 
x шан 3 
21 4 х2-6 
pe f (x)= 3 ‚х > 0 
1 
h(x) = ~= 79. 10е +2 = 7 
0) Mx 
10е" = 5 
RT 
e = – 
2 
1 
x = In 2 = -0.693 
2 
Review Exercises for Chapter 8 
1 Pe Es jog eee 
n n! 
12 
а = 3 — = 15 oe 599 
1 1! 
12 
жээ ian 
12 | 
= 3 + — = 
E 377 dome = gu 
М 3! 
a4 = 3+ — = 6 
* 4 а = 120 25 
ӨК. ЖЕ, Ч) 
IRR EET 120 
4, = — = 
5! 


а, = 2(-1) 
(iege 
2 4$ 
2 3 4 5 
Rewrite as —, E zm а 2 
273505 
3^ 
a, = — 
n 
3! 1 


(п —1)! _ (п —1)(#—2)-....3-2-.1 1 


Seman web. erede ide (570 
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13. 


15. 


17. 


23. 


25. 


27. 


29. 


31. 


33. 


Chapter 8 Sequences, Series, and Probability 


4 6 6 6 6 6 
х 


rm n 12 3 3 42 
=6+ 3 + 2 + 3 
2 3 8 
205 
24 


1 11 
8? 4? 2 1, D 


Not an arithmetic sequence. 


um dug 

a, = 7 + (n – 1)12 
= 7 + 12п – 12 
= 12и – 5 


a, = 96, а; = 24 


à, = а +44 > 24 = 96 + 4d = -72 = 4d 
а = a; — 2d > a = 96 — 2(-18) = 132 
a, = 132 + (n - 1)(-18) 

= —18л + 150 


a =4,d =17 

a =4 

a = 4+17 = 21 
a, = 21+17 = 38 
а, = 38 +17 = 55 
а; = 45 + 17 = 72 


> 9k is arithmetic. Therefore, a, = 9, aio = 900, 


Smo = 100(9 + 900) = 45,450. 


У] = 2) / = E = 40(41) = 1640 
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19. (a) A, = $10,018.75 
A, = $10,037.54 

A; = $10,056.36 

A4 = $10,075.21 

As = $10,094.10 

Ag = $10,113.03 

A, = $10,131.99 

Ag = $10,150.99 

Ag = $10,170.02 

Aio = $10,189.09 

(b) The balance in the account after 10 years is 
0.0225 

1 


120 
p 10,006 + | = $12,520.59 


21. 5, -1, - 7, -13, -19,... 


Arithmetic sequence, d = —6 
35. =к+4| = = + 
reve 32014 
100(101 
52101 сайд) 
3 2 
2 10,100 + 400 
3 
_ 11,300 
3 


37. a, = 43,800 + (n — 1)(1950) 
(a) as = 43,800 + 4(1950) = $51,600 


(b) 5; = 3(43,800 + 51,600) = $238,500 


39. 


41. 


43. 


45. 


47. 


65. 


2, 6, 18, 54, 162, ... 
Es х =3 

2 
Geometric sequence, r = 3 
T3, 9-27 
5377 592526 GNSS 
Geometric sequence, r = —3 
а, =2,r = 15 
a =2 
a, = 2(15) = 30 


a; = 30(15) = 450 
a, = 450(15) = 6750 
as = 6750(15) = 101,250 


а, = 9,a, = 4 

аз = ар? 

4 = 9r? 

4 зур? r= +2 

a = 9 а = 9 

ъ=) 6 a =)= 
аз = e(2) =4 о а = 6-2) = 4 
ЕССЕ 
а=) 8 а= 0) 8 
a, = 100, r = 1.05 


а, = 100(1.05)" 


ay = 100(1.05)° = 155.133 


1, When n = 1,3 = ЦІ + 2). 


Assume that S, = 3 +5 +7 +... + (2k + 1) = k(k + 2). 


49. 


51. 


53. 


55. 


57. 


59. 


61. 


63. 


S 
ll 


Review Exercises for Chapter 8 405 


=18,a, = -9 


5 Я 
У 10(0.6)/' = 23.056 


(а) а, 


(b) as 


120,000(0.7)" 


120,000(0.7)* 
$20,168.40 


Then, Ska = 3* 5 7 4 + (2k +1)  [2(k +1) +1] = 5, + (2k + 3) 


K(k + 2) + 2k +3 
= 12 + 4k +3 
= (k + 1\(k + 3) 
= (k +1)|(k +1) + 2] 


So, by mathematical induction, the formula is valid for all positive integer values of n. 
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67. 1. When n = l,a = 4 - 3 


1-1 
k-l 1-7; 
2. Assume that S, = У а" = aem) 
120 l-r 
k k- 1- k 
Then Sp, = > ar! = 3 ar') + art = ale?) + ark 
i=0 i=0 lev 
Е a(l -rf +r- r*+!) 8 a(l - ee) 
l-r l-r 


So, by mathematical induction, the formula is valid for all positive integer values of n. 


a 

е 

о 
| 


= 9 = 109) = 1[2(1) +7] 
5, = 9 +13 = 22 = 2(11) = 2[2(2) +7] 
9 + 13 +17 = 39 = 3(13) = 3[2(3) + 7] 


20 
! 


S4 =9+13+17 +21 = 60 = 4(15) = 4[2(4) + 7] 

5, = n(2n + 7) 

1, When n = 1, 5 = 9 = 1(2 + 7) 

2. Assume 5; = 9 + 13 +... + [4k + 5] = k(2k + 7) 
564 = Se + pay 


k(2k + 7) + [4(k + 1) + 5] 


2k? + 7k +4k +9 
2k? + Mk +9 

(k + 1)(2k + 9) 

= (k +1) 2(k +1) +7] 


So, the formula holds for all positive integers n. 
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71. 5-1 
55 = ee = 3 
БАРЖ 
55 =I1+ 2 + а 8 
5 25 25 
3 9 27 272 


45,-14--4 + = 
5 25 125 125 


From these sums, there is no apparent pattern. Because the series is geometric, the formula for the sum is 


k-1 k 
2. Amst БЭЛ oed 
5. 25 5 2 5 


Sear = Sk + а = 


цаг ийн 
21-0) 50-40 
1-3 
5 
E icit ix 
23 
_ 1- (3) 
е 
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75. 


81. 


83. 


85. 


87. 


89. 


91. 


93. 


95. 


97. 


99. 


Chapter 8 Sequences, Series, and Probability 


= = = ! 
а, 701) 5, a, а, + 5 77. 2С, = 5. - 15 
a = 5 214! 
а = 5 +5 = 10 79. 1 
a, = 10 + 5 = 15 LES M 
а, = 15 + 5 = 20 И Be a 
^ u 1 4 6 4 1 
сэн тэй 1 5 10 10 5 1 
n: 1 2 3 4 5 1 6 15 20 15 6 | 
1 7 35 35 21 7 1 
а,: 5 10 15 20 25 @) 
NANO NA 7 | 
First differences: SR pre PW > = 21, the 3rd entry in the 7th row. 
Second differences: 0 0 0 


Because the first differences are all the same, the 
sequence has a linear model. 


(x + 4)! = x* + Ax(4) + 6x'(4). + 4x(4) 4^ = xt + 16x? + 96x? + 256x + 256 


(4 = 5x)’ = 3C)(4°) + 3C,(4?)(-5x) + 3C,(4)(-5x)’ 4-5С,(-5х) 


3 


43 — 3(4) (5x) + 3(4)(5x)" — (5x) 
64 — 240x + 300x? + 125x? 


The composite numbers between 1 and 14 are 4, 6, 8, 9, 10, 12, and 14. 


There are 7 ways to select a composite number from the integers 1 to 14. 


(10)(10)(10)(10) — 10,000 different telephone numbers n2) (п + 2)(n + f 


101. False. ( 


n! M 
5-4-3-2-1-120 Stay dd) 
! 42 
„б = 27 EPTO 2 
2012! 
п(Е) 2 1 
Р(Е 0.2 8 8 : 
005218) mS) 10 5 103. True. У? зк = 3У k by the Properties of Sums. 
k=1 k=1 
n(E) 6 3 
(b) P(E) n(S) 10.5 0.6 105. The domain of an infinite sequence is the set of natural 
numbers. 
(a) 25% + 18% = 43% 107. Each term of the sequence is defined in terms of 
(b) 100% — 18% = 82% preceding terms. 
1\(1)(1\(1) — 1 
11121510) 1296 
13 _ 1.3 
lex ачат 
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0 10 
0 


(b) a, > O0 as n > ee 


КАЕРДЕ 10 100 1000 | 10,000 
a, | 1 | 0.1089 | 0.0101 | 0.0010 | 0.0001 
(d) a, > 0 as n > ee 
биз, if a, , is even 
7.a,24 2 
3a, , +1 if a,_, is odd 
(a) а =7 a, = 2 = 10 
а = 3(7) +1 = 22 a = 10 = 5 
аз = 2 = 11 аз = 3(5) +1 = 16 
a, = X(11) +1 = 34 ац = 15 = 8 
а; = 2 = 17 аз = & = 4 
а, = 3(17) +1 = 52 а6 = 1 = 2 
a, = € = 26 a; = 2 =1 
a, = 26 = 13 аз = Xl) +1 = 4 
ay = 3(13) +1 = 40 аз = 5 = 2 
ао = 2 = 20 a» = 5 = 1 


Problem Solving for Chapter 8 409 


mosque. 520 
3. Distance: У мз) = — = 40 


n-l 


Time: Y A 3 - oa =:2 
E 2 1-1 
2 


In two seconds, both Achilles and the tortoise will be 
40 feet away from Achilles' starting point. 


5. Let a, — dn * c, anarithmetic sequence with a 


common difference of d. 


(a) If C is added to each term, then the resulting 
sequence, b, = a, + C = dn + с + C, is still 
arithmetic with a common difference of d. 


(b) If each term is multiplied by a nonzero constant C, 
then the resulting sequence, 
b, = C(dn + c) = Cdn + Cc, is still arithmetic. 


The common difference is Cd. 
(c) If each term is squared, the resulting sequence, 


b, = а? = (dn + су, is not arithmetic. 


(D a =4 а = 5 а = 12 
a = а = 16 а = 6 
a, = a, =8 a, =3 
a= а = a, = 10 
as = а; = а; =5 
a = dg = dg = 16 
a= a= аз = 8 
ag = а = а = 4 
ау = a =1 ay = 2 
a = 4 dg = 4 a = 1 


Eventually the terms repeat: 4, 2, 1 
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9. The numbers 1, 5, 12, 22, 35, 51, ... can be written recursively as P, = P, , + (3n — 2). Show that P, = n(3n — 1)/2. 
(3-1) 

2 
k(3k – 1) 

ONE: 


1. Forn=1:1= 


2. Assume P, = 


Then, P = P, + [3(k +1) - 2] 


k(3k — 1) k(3k — 1) + 2(3k + 1) 


= ~~ + 3k +1) = 
2 2 
32 + 5k +2 _ (k + Gk + 2) 
2 2 
(E e 1[3(k +1) - 1] 
2 


So, by mathematical induction, the formula is valid for all integers n 2 1. 


1 1 
11. Side lengths: 1, -,, —, ... 
2 8 
1 п-1 
= 8 forn 21 
2 


ласта | Ba). 5/1)... 


ex] se 


4 2 4\2 4 


15. (a) Odds in favor of choosing a blue marble = umber OP Den LL 3 


number of yellow marbles 7 


Odds against choosing a blue marble = number ot yellowmarbles T 


number of blue marbles 3 


number of non-red marbles 


(b) Odds against choosing a red marble = 
number of red marbles 


4 x 

1 6 

24 - x (number of non-red marbles) 
Total marbles = 6 + 24 = 30 


п(Е) п(Е) n(E)/n(E") 


© PE) = 5) – AE) + aE) MEAE) + EAE 
P( E) _ odds in favor of E 
odds in favorof E + 1 
n(E) n n(E) 
Л. (2) = X 
п(5)Р(Е) = n(E) п(5)Р(Е) = n(E) 
п(Е) 
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Practice Test for Chapter 8 


1. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


Write out the first five terms of the sequence a, = 2n 
(n + 2)! 
; : 4 5 6 7 8 
Write an expression for the nth term of the sequence 3» 39 77» зр эдр 
? 6 
. Find the sum У (2i - 1). 
izl 
. Write out the first five terms of the arithmetic sequence where a, = 23 and d = -2. 


. Find a, for the arithmetic sequence with a, = 12, d = 3, and n = 50. 


. Find the sum of the first 200 positive integers. 


. Write out the first five terms ofthe geometric sequence with a, = 7 and r = 2. 


. Evaluate Y 6(2)" 


n=l 


. Evaluate V^ (0.03). 


n=0 


Use mathematical induction to prove that 1 +2+3+4+---+n 


Use mathematical induction to prove that п! > 2", n 2 4. 


Evaluate ;4C;. 

Expand (x 4 зу. 

Find the term involving x’ in (x — 25 
Evaluate 444. 


How many ways can six people sit at a table with six chairs? 


Twelve cars run in a race. How many different ways can they come in first, second, and third place? 
(Assume that there are no ties.) 


Two six-sided dice are tossed. Find the probability that the total of the two dice is less than 5. 


Two cards are selected at random from a deck of 52 playing cards without replacement. Find the probability 
that the first card is a King and the second card is a black ten. 


A manufacturer has determined that for every 1000 units it produces, 3 will be faulty. What is the probability 
that an order of 50 units will have one or more faulty units? 
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Appendix A Errors and the Algebra of Calculus 


1. numerator 7. x49 + Ух +3 

3. х= 5,у= 4 Do not apply the radical to the terms. 
(x - y -(5- а) — 1 Ах + 9 does not simplify. 
х2 — у? = 52 – 42 = 25-16=9 9, 25 +1, 2x +1 
129 5x 5 


Divide out common factors not common terms. 
2x? +1 


x 


5. The middle term needs to be included. 


(x + 3) =x + 6х +9 cannot be simplified. 


3,4_3 у 4 a _3Зу+4х 


11. 
х у х у y x xy 
To add fractions, they must have a common 
denominator. 


13. 2x(x + 2) +(x +2)” = (x + 2) "2x + (x + 2)] 


= (x + 2) "(3x + 2) 


e 2 
(x X 2)? 
15. Ax (2x - 1)" — 2x(2x - 1) = 23x - y P [22x - 1)? - 1] 
= 2xQx - 1)" [22 (4x? - 4x + 1) - 1] 
= 2x(2x - 1) "(8x* - 8x3 + 2x? — 1) 


2x(8x4 — 8x3 + 2x? - 1) 
(2х--1)7 


2:2 1 59720 1 15 _ 1 2 
———Ó 19. 2x? + dx e 5 = 2? + Ix +15 1x? + x +15) 


17. 


: : 2 
The required factor is 5x + 3. The required factor is 2x^ + x + 15. 


21. x — 5x43 = х" = 5x") = PIL — 5х) 
The required factor is 1 — 5x. 


5/2 _ 3/2 _ 


23. L(2x +1)" - (2x +1) 


— 
N 
з 

! 


у Qxaly-3Qxady^ 


The required factor is 3x — 1. 


25. x?(x3 - iJ! = Hæ - iy (322) 


The required factor is x 
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i ЗЭ 29:13). 2, r3) 1 к = Q) 1 (2x +3) 
(x + 3x + 7) (x? + 3x + 7) (x? +3х +7) (x? + 3x +7) 


The required factor is 2. 


2 2 
nox Dc aU 18801 а аа ера 
10 (1/4) 10 (1/2) Зх is) “ae 023 
2 2. 
zl ги gig ыл са а Gi 12 
га 3 ` 3х Зх 3x 3x 
з. 25°, Ay? _ 25x? (125) | ду? (1/4) 5 24 pS 
| 36 9 36 (1/25) 9 (1/4) Š 
Lo X , a 19-76 tl 4f 6 1 
© 36/25 i 9/4 ў NIE XB хз up 
1 
= 4x — 742-3 4 
33. i P ond n 
x+3 1 
4x88 — 7? 4 ТЕ 
240 5 A mus шй 2 4 
35. — ——Á = 2x (x + 5) 43 3-5x^-x* 3 5x x 
(3x + 5) f Jx x Nx Sx 
— ES 2 52-02 _ 4-172 
X 
3 
= UR 5х32 — y 
-2(x? = 3) Qe - 3(x + 1)(x2- 3) (x? = 3) (x + 1) [-4x(x + 1) - 3(x? - 3)] 
45. 2 = 6 
le») (x + 1) 
_ 4x? – 4x – 3x° +9 
(x - 3) (x + 1)" 
-Tx? – 4x +9 
(x? - 3) (x + 1)" 
a, @* 1)°(27x? + 2) – (9x3 + 2x)(3)(6x 4-1) (6) (6х + 1) (бх + 1)(27x? + 2) -18(9х7 + 2x) ] 
5 2 = 6 
(вх + | (6x + 1) 
_ 162x? + 12x + 27x? + 2 - 162x? - 36x 
(6x +1)" 
_ 27x? — 24x + 2 
(6x + 1)“ 
as Get 2y"(x + зу? (x + 3) (x + 21 (к + 2) +3) [x 2) - (x + 3)] 


le + a (x + 2)“ 
» х-2-х-3 
(x + 2) (x + 3yP (x + 2) 
1 
(x + 3)" (x + 2) 


7/4 
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2(3x = 1)^ — (2x + 1)(1/3)(3x — 1)°7(3) (зх – 1) ^ [23x - 1) - (2x + 1] 
(3x - 1)? (3x - 1) 
| 6x-2-2x-1 
(3x – 1)? (ax – 1? 


51. 


= 4х – 3 
Bx -= 1) 
1 1 -1/2 1 1 1 
53. m 2 4" ! 207 + 4) (2x) = (г ^ а)? ! 2 a)” : 2023) 

1 
"үле" 
КЕ: 
2+4 


55. (x7 4 9 (je: 2)^(3) + (3x "ye - 5| ^Qx) = 262 + s)" (ax = 2) + x(x? + 5) "(3x - 2)” 


2 2 2 
97 > 12 y2 27 5 -1/2 3/2 
= (х +5) (3-2) 4+ =x(x° +5 3x - 2 
302 85 х - 3 Date 45) Mr - 2 
1 -1/2 1/2 1 1 
= Ps + 5) (3x = 2) [oce + 5) + 2x(3x - 2) | 
1 -1/2 12 
- 5? + 5) (3x -2) (932 + 45 + 6x? — 4x) 
(3x — 2)? (15x? — 4x + 45) 
2(x? 5)^ 
3 4/3 
57. у = Ци + 4)! * Ци + nu 
2 6 
102 уз, 2 
= {x +4) (x +7 
» = е ea" tee) 
(а) у = ЫГ, + 4)” + 10а + 4)" (b) 
aeg 6 ж “ел1 1| 55:10: Е? 3 
= lt ay," ra 3.67 | 228 | 1.96 | 1.85 | 228 | 3.67 | 4.80 
= (2 4) [3 (244) yi | 3. | . { | ; 
3.67 | 2.28 | 1.96 | 1.85 | 2.28 | 3.67 | 4.80 
= lg +4) (6-7) 2 
6 
29) (c) - 
-6 6 
-2 
The graphs are identical. 
59. You cannot move term-by-term from the denominator to 63. The central angle should be converted to radians first to 
the numerator. be used in the calculations. 
s = rg 
61. 
s = (6 mm)| 72 · го, 
180? 
127 
А 2 : o mu © 
y is not an exponential function of x, but it is a 5 
logarithmic function ofx, y — log; x. = 7.54 mm 
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CHECKPOINTS 
Chapter P 


Checkpoints for Section P.1 
1. (a) Natural numbers: {8, 8} 
(b) Whole numbers: f, 8} 


(c) Integers: {-22, -1, = 3 


(d) Rational numbers: { ола 2] — 4.6 8) 


(e) Irrational numbers: {-л, 1.7 | 


3 5 
2 EN -р 07 3 
eee » > x 


(a) The point representing the real number 2 = 2.5 lies 


2 


halfway between 2 and 3, on the real number line. 


(b) The point representing the real number —1.6 lies 


between —2 and -1 but closer to —2, on the real 


number line. 
(c) The point representing the real number -4 lies 


between —1 and 0 but closer to —1, on the real 
number line. 


(d) The point representing the real number 0.7 lies 


between 0 and 1 but closer to 1, on the real number 


line. 


3. (a) Because —5 lies to the left of 1 on the real number 
line, you can say that —5 is less than 1, and write 


-5 «1. 


(b) Because 3 lies to the left of 7 on the real number 


line, you can say that 3 is less than 7, and write 


(c) Because == lies to the right of = on the real 


number line, you can say that -2 is greater than 


2-3 ite —2 » —3 
jj and write с == 
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. (a) If x > —3, then 


. (a) The inequality x » —3 denotes all real numbers 


greater than —3. 


+ ————ә» > 
35 248023 22 =] 
(b) The inequality 0 < x < 4 means that x > 0 and 


x € 4. This double inequality denotes all real 
numbers between 0 and 4, including 4 but not 
including 0. 


——————- : 


0 1 2 3 B 


. (a) [-2. 5) denotes the set of all real numbers greater 


than or equal to —2 and less than 5. 


As an inequality, [-2, 5) is represented as 


-2 < х < 5. 

Graphically: 

—BE—————--:s 
- 0 2 4 6 


(b) The statement represents the interval |-2, 4). 


As an inequality, the statement is represented as 


-2 < х «4. 
Graphically: 
abet 
2 0 2 4 6 
(a) ||=1 
3 3 3 
b = = 
o le 
2 2 
с) — => 


(d -|0.7| = -(0.7) = -0.7 


|х-3| х+3_ 
x+3 x+3 
|х+3| -(x +3) 
x+3 x+3 


1. 


=-l. 


(b) If x < —3, then 
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Solutions to Checkpoints 417 


8. (a) |-3| “ |4| because |-3| = 3and 14| = 4, апі 12. (a) x + 9 = 9 + x: This statement illustrates the 
3 is less than 4. Commutative Property of Addition. In other words, 
(b) -|-4|» -|-4| because -|-4| = —4 and you obtain the same result whether you add x and 9, 
i E or 9 and x. 
– |4| = -4. 


(6) Ae . 2) - (532: This statement illustrates the 


(c) |-3|» -|-3| because |-3| = Запа —|-3] = -3. Associative Property of Multiplication. In other 


and 3 is greater than —3. words, to form the product 5 - x? · 2, it does not 


a 3 
9. (a) The distance between 35 and —23 is matter whether 5 and (x 2), or 5x and 2 are 


multiplied first. 
35 – (-23)| = |58| = 58. к PER PER 
(c) (2 + 5x у = 2y. + 5х · y^: This statement 


(B) The, distance Between sonant eds illustrates the Distributive Property. In other words, 


851 (-23)| E 1-12| = 12. the terms 2 and 5x? are multiplied by уг. 


(c) The distance between 35 and 23 is 
35 - 23| = [12| = 12. 


3x — 3x43 х 
30 30 +3 10 
x 25 x 2x 2 


10. Algebraic Expression Terms Coefficients (b) 10 5 = 10 5 2 
—2х +4 -2х,4 -2,4 P 
1010 
11. Expression Valucor Substitute valügof X + 4x 
Variable Expression = 10 
4x - 5 x-0 4(0)-5 0-5--5 Pe 
7105 
эв 
2 
Checkpoints for Section Р.2 
1. (a) —3* = —(3)(3)(3)(3) = -81 2. (a) When x = 4, the expression —x ? has a value of 
4 EE CE! 1 
(Ы) (-3) = (—3)(—3)(—3)(—3) = 81 » (4) 42 16 
2 SAX AB S zi 
амс ES (3)(3)(3) =27 (b) When x = 4, the expression 285) has a value of 
2 b. d : 
3 
Т зш. а ЕЕ lg c mc 1 4 1 4 1 
© з 35 © 27 gia)’ = q09* = 1059 = 64. 


3. (a) (2x 29 (-x*y) - Q1) ?y(x*)6?)G) = —2х?у°* 
(b) (2) =a #0,Ь #0 


(c) (-52) (22) = (-5) (2) 22 = -1252° 


2 
(d) E | Е ЕЗ E 32) _ е + 0 
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E 2 3a Op* 3b4 -b 
4. (а) 2a? = 2 Property 3 (b) Isah. = ETE Property 3 
5 
= —— Property 1 
a 
-1 -1 3 -1 3 -1 
(c) (=) = = Property 7 @ (оу (а) = (2) (x) -4* (8) Property 5 
10 шээж Properties 3 and 6 
= — Property 3 = Jo roperties 3 an 
X 
= -2x Property 2 


5. 45,850 = 4.585 x 10* 
6. —2.718 x 10? = —0.002718 


7. (24,000,000,000)(0.00000012)(300,000) = (2.4 x 10'^)(1.2 x 10-7)(3.0 x 10°) 


= (2.4)(1.2)(3.0)(10%) 
= 8.64 x 10° 
= 864,000,000 


8. (a) —V144 = -12 because —(V144) = (viz) = -(12) = -12. 


(b) 4/-144 is not a real number because no real number raised to the second power produces –144. 


2 2 
(c) 2 = 5 because 2) 25 = = 
8 8 


64 (€ 64 
8 2 8 3/8 2 
(d) —3/— = —— because 3 = Ys = | | 
27 3 27 3/27 3 
= 2 2.5- 
9. (@) V s D: eer 10. (a) V32 = 416-2 = V4? -2 = 44/2 
3 
= 4/25 Simplify. (5) 3/250 = 3/125 -2 = 9 .2 = 55/2 
=5 Simplify. (с) 4244) = /4-6-а*-а = A 4a* - ба 
2 2 
(b) 9/125? = (8/125) — Property 1 = (242) - 6a 
= (5) Simplify. = 2a^4/6a 
(c) dx Ax = xe x Property 2 2-3 (-3х) 5 
= 4/53 Simplify. = -3x3/5 
=x Simplify. 


(d) VV x = х Property 4 
ix Simplify. 
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11. (a) 34/8 + V18 


12. (a) 


13. 


Solutions to Checkpoints 419 


34/4 -2 + 4/9 - 2 Find square factors. 
3-2/2 + 3/2 Find square roots. 


= 6/2 + 34/2 Multiply. 
=(6+ 3) 72 Combine like radicals. 
= 94/2 Simplify. 


( 3/81? – 3/24x? = 2/2733 «3x? — 2/8. 3х2 Find cube factors. 
= 3x2/3x? — 22/3x? Find cube roots. 


= (3x - 2)V3x? Combine like radicals. 


GE v2 
3/2 3V2 V2 


V2 is rationalizing factor. 
= = Multiply. 


Simplify. 


(b) = . 3/5 is rationalizing factor. 


= Multiply. 


= < Simplify. 


8 8 J6 de J2 Multiply numerator and denominator 
6-2. 6-42 6-2 byconjugate of denominator. 
8/6 + 3/2 ) 


= Use Distributive Property. 
6 + A12 - A12 -2 py 


s( /6 + V2) 
= SJ тенЕ5 Simplify. 


2(V6 + V2) Simplify. 


27372 PIF: 29.59; Multiply numerator and denominator 
3 3 24 4/2 by conjugate of numerator. 


he 2S2 -24/2 -2 Multiply. 


3(2 + V2) 


M БЕЛ Simplify. 


3(2 + V2) 
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15. (а) 4/27 = 27! 


(b) eyz = (yz) 


= 210251022102 

= 2252212 
(c) зх4/х? = 3x(x2)"" 

= 3x- x73 

= 3x14 23 

= 3x 

-2/3 a -2 1 1 
17. -125 = (3/-125) =(—5) = = 

“алх ы еэ 


16. (a) (8-0) = a 
а 


(c) aT = а? = 4/2 


(d) 02)” = x -/х5 


(b) (4x2 y? (- 3715 (y55) - -12x - (0/3) 8/2) - (/5) = 12553919, у + 0,5 #0 


(с) 3/4/27 = 2027 = Gy = 3392 = 3/4 = 4/3 


(4) (х + 2)” (3x + 2) "^ = Bx + 2)9?-®® = (3x +2), x = -2/3 


Checkpoints for Section P.3 


: Standard Leading 
1. Polynomial кога Degree Coefficient 
6 — 730 + 2x —T3 + 2x + 6 3 -7 


2: (2? х +3) Ён 2х 3) 


2-26 -х+3-х'+2х+3 
= 23 — x? + (-х + 2x) + (3 + 3) 


= 250-02 +x+6 


3. F О IL 
(3x – 1)(х — 5) = 3x? – 15x- x + 5 
= 3x? — 16x + 5 


6. This product has the form (и + v) = u? + 2uv + v^. 


(x +10) = (х)? + 2(x)(10) (10 = x? + 20x + 100 


7. This product has the form (u B у) = и? – Зи?у + Зи? — y. 


(4x). - 3(43) (1) 5340) - (0 
64x? — 48x? + 12x - 1 


(4x — 1) 


. This product has the form (u + vy(u B v) =u – у, 


(x — 2 + 3у)(х - 2 – 3y) = [(x 2 зу [x 2) 
= (x ~ 2) - By) 
=x? —4x+4-9y? 
=x -9y —4x +4 


о 


м 


xt + 2 + Bx — Е + 2х + 3) 


2x3 4x? — 6x « 


2x(x? + 2x + 3) 


3x? + 6x +9 < 3(x? + 2x + 3) 


xt + Ox? + 2x7 + 0x49 


So, (x? + 2x + 3)(x? -2х- 3) = xt + 202 +9. 


5. This product has the form (и + v)(u — v) = и? - v. 


(3x - 2(3x + 2) = (3x) - 2 = 9x? - 4 
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9. The volume of a rectangular box is equal to the product of its length, width, and height. 


The length is 10 — 2x, the width is 12 — 2x, and the height is x. The volume of the box is 
Volume = (10 — 2x)(12 - 2x)(x) 
= (120 — 44x + 4x?) (x) 
= 120x — 44x? + 4x? 
When x = 2 inches the volume of the box is 
Volume = 120(2) — 44(2)? + 4(2)° 
= 96 cubic inches. 


When x = 3 inches, the volume of the box is 
Volume = 120(3) — 44(3)° + 4(3)° 


= 72 cubic inches. 


Checkpoints for Section P.4 
1. (a) 5х? – 15x? = 5x?(x) — 5x?(3) 5x? is a common factor. 
= 5х х - 3) 
(b) -3 бх - 12x? = -12x + бх – 3 
-3(4x?) + (-3)(-2x) + (-3)(1) —3 is a common factor. 


= —3(4х° - 2x + 1) 


(с) (x + 152) -(х41(2)-(х- 1)(x? - 2) (x + 1) is a common factor. 


2. 100- 45? = 4(25 - y?) 4 is a common factor. 


-40)-0)| 


= 4(5 + у)(5 — y) Difference of two squares. 


3. (x - f -9»* = (x - M - (8? 6. (а) x? + 216 = (x) + (6) 
= [(x - 1) + 3y?[ (x - 1) - 377] = (x + 6)(x? - 6x + 36) 
= (x — 1+ 3y?)(x - 1 - 37°) (b) Sy? + 135 = 5(y? + 27) 

4. 9x? — 30x + 25 = (3х) - 2(3x)(5) + 5? 1 10) +0) | 


= (3x - 5) = 5(y + 3)(y? - 3y + 9) 


5. 64x? - 1 = (4x - (y 
= (4x - )(16х° – 4x + 1) 
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7. For the trinomial x? + x — 6, you have a = 1, b = 1, 8. For the trinomial 2x? — 5x + 3, you have a = 2 


and c — —6. Because b is positive and c is negative, and c = 3, which means that the factors of 3 must 
one factor of —6 is positive and one is negative. So, the have like signs. The possible factorizations are 
possible factorizations of x? + x — 6 are (2x + I)(x + 3), 
(x = 3)(х + 2), (2x - I)(x = 3), 

) 


(x +3 


) 
(x + 6) 
) 


- 2), (2x + 3)(x + 1), and 
(x — 1), and (2х - 3)(x - 1). 
(x – 6)(x + 1). Testing the middle term, you will find the correct 
Testing the middle term, you will find the correct factorization to be 257 — Sx + 3 = (2x - 3x - 1), 


factorization to be (x? +х— 6) = (х + 3)(х - 2) 


9. х +2 – 5х - 5 = (х + х?) — (5x + 5) Group terms. 
= x°(x + 1) – 5(x + 1) Factor each group. 
= (x + pp? - 5) Distributive Property 
10. 232 + 5x —12 = 2x? + 8x – 3x - 12 Rewrite middle term. 


= (2? + 8x) — (3x +12) Group terms. 
= 2x(x + 4) – 3(х + 4) Factor groups. 
(x + 4)(2x — 3) Distributive Property 


Checkpoints for Section P.5 


1. (a) The domain of the polynomial 4x? + 3, x > 0 is the set of all real numbers that are greater than or equal 
to 0. The domain is specifically restricted. 


(b) The domain of the radical expression Vx + 7 is the set of all real numbers greater than or equal to —7, 
because the square root of a negative number is not a real number. 


— X 


(c) The domain of the rational expression : is the set of all real number except x = 0, which would 


x 
result in division by zero, which is undefined. 


"E 4 (x43) 
"x? — 3x -18 (x - 93) 


4 iu 
- e x # —3 Divide out common factor. 
ES 


3 3x7 -x-2  3?-x-2 _ Bx + 2) (1j 


= = Write in standard form. 
5 — 4x — x? х2 — 4x +5 —(x + 5) (x1) 


_3х+2 


= x #1 Divide out common factor. 
x +5 


p 58 S55. 02 20-15 SÉ) (= 36-03) 
(x -3-1àx 3x? = 80-3  K(x-6)(x3) Qx-T)(x- 3) 
5(x — 5) 


~ (x — 9x — 3) 


Factor completely. 


1 
X #-3,x = pM 
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x-1. х вх 2-1 x + 2х +1 
"31-1 х?+2х +1 L-I х eee 


(en 1) ntfs +1) 


= х+1,х # +1 Divide out common factors. 


Invert and multiply. 


Factor completely. 


Я х 2 aks Ы 2) с 2 а 1) Basic definition 
2х-1 x+2 (2x — 1(х + 2) 


2 шы 
= челе Distributive Property 
(2x — 1)(x + 2) 


2 
x- х + 


7. The LCD of the rational expression — — лаг 2 4 is x(x + 2)(x — 2). 
-4 х-2 
à a + сон» МЕ 162) хэс) + ылын Rewrite using the LCD. 
x (x-2(x-2) x2 xx-2(x-2) xx-2)(x-2) x(x + 2)(x - 2) 
- ао) Distributive Property 


x(x * 2)(x - 2) 
4x? -16- x? - 5x + 4x7 — 8x 
x(x + 2)(x - 2) 

Tx? — 13x – 16 
x(x + 2)(x - 2) 


Combine fractions. 


- Simplify. 
x3 
Us 
m e ud Invert and multiply. 
x+2 x-3 
0 3(x + 3) 
Е (х + 2)(х = 3) 


9. (x Ш n” Е x(x Ш ij^ E (x Е "^l _ jf 9 - e» . 1 
-(x-)^[&-9 -x| 
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+ (х? – хєх 
10. - = 


(x? © 2)" 


х2 +x - 2 
2x? - 2 
| 2(x + 1)(x - 1) 


М9+ї-3 . ecGRACO «S4 R3 
h h V9+h +3 


1 (V9 + AJ - 37 
h( N9 +h 4 3) 


11. 


_ (9+h)-9 
WO +h +3) 

_ h 

АЈ hoe 3) 
mule e 77 


xD dug 


Checkpoints for Section P.6 


өг 
N 


(3,1) 
, 


t + t+ x 
2 2 4 
(41,-2)9 @(0,-2) e 
l (4, -2) 


-4 = 


-44- 


2. To sketch a scatter plot of the data, first draw a vertical 
axis to represent the number of stores and a horizontal 
axis to represent the year. Then plot a point for each 
ordered pair. 

N 


Number of stores 
e 


>t 
2014 2015 2016 2017 2018 2019 


Year 


3. Let (xj, yı) = (3, 1) and (x2, у») = (-3, 0). 


Then apply the Distance Formula. 
d = Je = х) F (ya = n 
= JC3 -3y + (0-1) 


ll 
Ч 
N 


u 


6.08 


So, the distance between the points is about 6.08 units. 
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4. The three points are plotted in the figure. 


A (5, 5) 


(6, —3) 


Using the Distance Formula, the lengths of the three 
sides are as follows. 


Because (dy t (di) = 45 + 20 = (6s) = (di) 


you can conclude by the Pythagorean Theorem that the 
triangle must be a right triangle. 
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5. You can find the length of the pass by finding the 
distance between the points (10, 10) and (25, 32). 


(25, 32) 


(10, 10) 


S OE > x 
5 10 15 20 25 30 35 


4 - Je = х) sk (22 Es P 
- 45 -10у + (32 - 10) 
= V15? + 22? 


= 4/225 + 484 
= 709 


26.6 yards 


u 


So, the pass is about 26.6 yards long. 


6. Let (х\, y1) B (-2, 8) and (x2, y2) = (-4, -10). 


. : ЭЕ + 
Midpoint = моло п z) 


The midpoint of the line segment is (1, —1). 


^ 


2 2 
E Би + 2019 65.14 2 


+ + 
7. Midpoint = Е еси 3 


? 


2 2 
= (2018, 66.4) 


The sales in 2018 were estimated to be $66.4 billion. 
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8. To shift the vertices two units to the left, subtract 2 from each of the x-coordinates. 
To shift the vertices four units down, subtract 4 from each of the y-coordinates. 


Original point Translated Point 
(L 4) (1 — 2, 4 - 4) = (-1, 0) 
(1, 0) (1 — 2,0 — 4) = (-1, -4) 
(3, 2) (3 - 2, 2 - 4) = (1, -2) 
(3, 6) (3 - 2, 6 - 4) = (1, 2) 
y y 
1 (3, 6) 
6-- 
5+ 
(1,4) 
4 (71,0) 
—+—+ + х 
3 -4 -3-2 4 
: (3,2) 
1 
72122 = uc 
-1 1 2 3 4 5 


Chapter 1 


Checkpoints for Section 1.1 


1. (а) у = 14- 6х Write original equation. (D у = 14-6х Write original equation. 
? ? 
-5 = 14- e(3) Substitute 3 for x and —5 for y. 26 = 14- 6(-2) Substitute —2 for x and 26 for y. 
? 
-5 = 14-18 26 = 14412 
-5 # -4 (3, —5) is not a solution. 26 = 26 (-2, 26) is a solution. v 


2. (a) To graph 3x + y = 2, first isolate the variable y. 
у = -3х + 2 


Next construct a table of values that consists of several solution points. 


Then plot the points and connect them. 


x y =-3x+2 (х, y) 

-2 | y = -3(-2)+2=8 | (-2,8) 

- | y=-3(-l)+2=5 | (-L5) 

0 | y=-3(0)+2=2 | (0,2) - 
1 уз-31)-2--1 | (L-1) 

2 y = -3(2)+ 2 =-4 | (2,-4) 
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(b) To graph —2x + y = 1, first isolate the variable y. 
у= 2х +1 


Next construct a table of values that consists of several solution points. 
Then plot the points and connect them. 


"up (х,у) Ч 

-2 | у-2(-2)-1--3 | (-2, -3) 

- | у-2(-1) -1--1 | (-1,-1) 

0 у = 2(0)+1=1 (0, 1) , 
1 у= 2(1) +1=3 (1,3) 

9 у = 2(2) +1 = 5 (2, 5) 


3. (а) To graph у = x? + 3, construct a table of values that consists of several solution points. 
Then plot the points and connect them with a smooth curve. 


x у= % +3 (x, у) 1! 

-2 | у-(-2/-3-7 | 27) 

-1 | у-(4у-3-4 | (-54) 4 

0 | у-10-3-3 | (03) 5 

1 y=(l) +3=4 @ 4) + + 21 > Х 
-4 -3 -2 -1 123 4 

2 | у= 202) +3=7 | (2,7) x 


(b) To graph y = 1 — x’, construct a table of values that consists of several solution points. 
Then plot the points and connect them with a smooth curve. 


x у=1- х? (x. y) 
-2 | y=1-(-2) =-3 | (-2, -3) 


4 | у-1-(-У-0 | (-10) T 
0 | y=1-(0) =1 (0, 1) B 
1 | y»-1-(y-0 (1, 0) 
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4. (a) From the graph you can see that the graph intersects 7. The equation y =|x — 2| fails all three tests for 


the x-axis at (1, 0), so the x-intercept is (1, 0). symmetry and consequently its graph is not symmetric 


with respect to either axis or to the origin. So, construct a 


The graph intersects the y-axis at (0, —3), so the : 
table of values. Then plot and connect the points. 


y-intercept is (0, —3). 


(b) From the graph you can see that the graph intersects a шан a 2| (х, у) 
the x-axis at (0, 0) and (3, 0). So, the x-intercepts EIE 2| = (-2, 4) 
are (0, 0) and (3, 0). 
-1 БЕЕН (-1, 3) 
The graph intersects the y-axis at (0, 0), so the 
= = 0, 2 
y-intercept is (0, 0). 0 у= 100) - 2 (02) 
1 у = (1) - i 1 (1, 1) 
5. x-Axis: б, 0) 
= (2 =0 3,0 
2 = 6 – х Write original equation. : 7 | = 
р = 6 – х Replace y with — y. 3 у =|(2) - 21= 0 (3, 1) 
у? = 6 – х Result is the original equation. 4 у = (2) – 21= 0 (4, 2) 
PM From the table, you can see that the x-intercept is (2, 0) 
y -26-x Write original equation. 


and the y-intercept is (0, 2). 
y? = 6-(-x) Replace x with —x. 


y 


y -26-4x Result is not an equivalent equation. A 
Origin 
y =6-x Write original equation. 


| 
< 
шу 
R 
Ш 


6 —(-x) Replace y with — y and x with —x. 


y =6+x Result is not an equivalent equation. 


Of the three tests for symmetry, the only one that is -14 
satisfied is the test for x-axis symmetry. 


: 8. The radius of the circle is the dist: betw 
6. Of the three test of symmetry, the only one that is i abu M D 


satisfied is the test for y-axis symmetry because (1, -2) and (-3, =5). 


r= = \/( (x - лу (у = ky 
symmetry, you only need to find solution points to the 
right of the y-axis and then reflect them about the y-axis = Jo (-3 : EE [ 2-( S] 
to obtain the graph. 


y = /4 + 3? 
= /16 +9 
= 25 


=5 
|$ Using (h, k) = (—3, –5) and r = 5, the equation of the 


у= (х) - 415 equivalent to у = x? — 4. Using 


circle is 
(x - лу T (y - к) = р? 


[x - C3] + [y - C3] = Y 


(x +3) + (у + 5Y = 25. 
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9. From the graph, you can estimate that a height of 75 inches corresponds to a maximum weight of about 221 pounds. 


Letx = 75:y = 0.040x? – 0.11x + 3.9 


= 0.040(75). — 0.11(75) + 3.9 
220.65 


Algebraically, you can conclude that a height of 75 inches corresponds to a maximum weight of 220.65 pounds. 
So, the graphical estimate of 221 is fairly good. 


Checkpoints for Section 1.2 


1. (а) 7-2х-15 Write original equation. 2. 4(x + 2) – 12 = 5(x — 6) Write original equation. 
—2х = 8 Subtract 7 from each side. 4x + 8 – 12 = 5х —30 Distributive Property 
x = —4 Divide each side by —2. 4x —4 = 5х – 30 Simplify. 
Check: 7-2x = 15 -х = —26 Simplify. 
? x = 26 Divide each side by —1. 
7 — 2(-4) = 15 
748 = 15 
15 = 15 
(b) 7x -9 = 5x +7 Write original equation. 
2x -9=7 Subtract 5x from each side. 
2x = 16 Add 9 from each side. 
х= 8 Divide each side by 2. 
Check: 7x -9 = 5x+7 
7(8)-9 = 5(8 +7) 
56-9 = 40+7 
47 = 47у 
3. шээс =xt 2 Write original equation. 
9 3 3 


0 =) 2 ofz) = (9)x + (3) Multiply each term by the LCD. 


4x -3 = 9x +15 Simplify. 


-5х = 18 Combine like terms. 
x= E Divide each side by —5. 
4. K 5+ Е Write original equation. 
х-4 х-4 


— 
ЫЗ 
| 
Az 
= 
2 
x 
|| 
x 
Az 
NIC 
Ш 


3x = 5x 
—2х = -8 
x=4 


(x — 4)5 + (x - af 


2 z) Multiply each term by LCD. 


ps 
– 20 +12,x #4 Simplify. 
Divide each side by —2. 
Extraneous solution 


In the original equation, x — 4 yields a denominator of zero. So, x — 4 is an extraneous solution, and the original equation 


has no solution. 
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5. To find the x-intercept, set y equal to zero, and solve 


for x. 
(a) уз-3х-2 Write original equation. 
0 = -3x — 2 Substitute 0 for y. 
2 = -3x Add 2 to each side. 
x -x Divide each side by —3. 


(b) 


So, the x-intercept is (-2, 0). 

To find the y-intercept, set x equal to zero, and solve 
for y. 

y =-3x-—2 Write original equation. 
y = —3(0) – 2 Substitute 0 for x. 

y= -2 Simplify. 

So, the y-intercept is (0, —2). 

To find the x-intercept, set y equal to zero, and solve 
for x. 


5x + Зу = 15 Write original equation. 
5x + 3(0) = 15 Substitute 0 for y. 
5x = 15 Simplify. 
х= 3 Divide each side by 5. 


So, the x-intercept is (3, 0). 
To find the y-intercept, set x equal to zero, and solve 
for y. 
5х + Зу = 15 Write original equation. 
5(0) + Зу = 15 Substitute 0 for x. 
Зу = 15 Simplify. 
у = 5 Divide each side by 3. 


So, the y-intercept is (0, 5). 


6. (a) 


(b) 


To find the y-intercept, let ¢ = 0 and solve for y. 
y = 3.41751 + 68.676 

y = 3.4175(0) + 68.676 

68.676 


Уу 
The y-intercept is (0, 68.676). This means that there 


were approximately 68,676 male participants in 
2010. 


Let y = 96.2 and solve for t. 


96.2 = 3.4175t + 68.676 
27.524 = 3.41751 
тэн 27.524 
3.4175 
1 = 8.05 


Participation reached 96,200 in 2018. 
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Solutions to Checkpoints 


Checkpoints for Section 1.3 


1. Because there are 52 weeks in a year 
52 paychecks during the year. 


and you will be paid weekly, it follows that you will receive 


Verbal Model: oo = |52 paychecks| - Bd + [Bonus 
for year each paycheck 

Labels: Income for year = 58,400 (dollars) 
Amount each paycheck = x (dollars) 
Bonus = 1200 (dollars) 

Equation: 58,400 = 52x + 1200 Write equation. 
57,200 = 52x Subtract 1200 from each side. 

1100 = x Divide each side by 52. 


So, your gross pay for each paycheck is $1100. 


2. Verbal Model: | шсгеаве in price| = | Percent] - |Original price 
Labels: Original price = 15 (dollars per share) 
Increase in price = 18 – 15 = 3 (dollars per share) 
Percent = r (in decimal form) 
Equation: 3 =r-15 Write equation. 
i =r Divide each side by 15. 
0.2 =r Rewrite the fraction as a decimal. 


The stock's value increased by 0.2 or 


20%. 


3. The total amount of your family’s loan payments is $17,920. The loan payments equal 28% of the annual income. 


Verbal Model: |Loan payments] = [Percent] - | Annual income 
Labels: Loan payments = 17,920 (dollars) 
Annual income = x (dollars) 
Percent = 28% = 0.28 (in decimal form) 
Equation: 17,920 = 0.28. х Write equation. 
64,000 = x Divide each side by 0.28. 


Your family’s annual income is $64,000. 


431 
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4. Draw a diagram, 


e 3w >i 


Verbal Model: 2 · Length| + 2 - |Width| = |Perimeter 


Labels: Perimeter = 112 (feet) 
Width = w (feet) 
Length = /| = 3w (feet) 


Equation: | 2(3w) + 2(w) = 112 Write equation. 
6w + 2w = 112 Simplify. 
8w = 112 Combine like terms. 
w= 14 Divide each side by 8. 
Because the length is three times the width, 
1 = 3w = 3(14) = 42. 


So, the dimensions of the family room are 14 feet by 42 feet. 


5. Verbal Model: |Distance| = |Rate} - [Time 


Labels: Distance = 14 (miles) 
Rate = — шы -- = 39 10 (miles per hour) 
time to travel first five miles 0.5 
Time = t (hours) 
Equation: 14 -10-1 Write equation. 
14 22: А 
D = {і Divide each side by 10. 


1421 Simplify. 


The entire trip will take 1.4 hours, or 1 hour and 24 minutes. 
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6. To solve this problem, use the result from geometry that the ratios of the corresponding sides 
of similar triangles are equal. 


111111!) хїї 
111111! ji 
211 
У 55 ft 
Not drawn to scale 
Verbal Model: Height gr building 2 Height of post 
Length of building's shadow Length of post's shadow 
Labels: Height of building = x (feet) 
Length of building's shadow = 55 (feet) 
Height of post = 4 (feet) 
Length of post's shadow = 1.8 (feet) 
. x 4 
Equation: = = — 
55 1.8 
4 
x = — · 55 
1.8 
х = 122.2 


So, the building is about 122.2 feet high. 


7. Let x represent the amount invested at 25%. Then the amount invested at 35% is 5000 — x. 


Verbal Model: Interest from 25% + |Interest from 34% = |Total interest 


Labels: Interest from 25% = Prt = (x)(0.025)(1) (dollars) 


Interest from 3196 = Prt = (5000 — x)(0.035)(1) (dollars) 


Total interest = 151.25 (dollars) 
Equation: 0.025x + 0.035(5000 — x) = 151.25 
0.025x + 175 — 0.035x = 151.25 
—0.01x + 175 = 151.25 
—0.01x = 23.75 
х = 2375 


So, $2375 was invested аг 22% and 5000 — 2375 = $2625 was invested at 34%. 
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8. Verbal Model: |Ртоћ from single-disc player| + | Profit from multi-disc player] = |Total profit 


Labels: Inventory of single-disc players — x (dollars) 
Inventory of multi-disc players = 30,000 — x (dollars) 
Profit from single disc players = 0.24x (dollars) 


Profit from multi-disc players = 0.42(30,000 — x) (dollars) 
Total profit — 0.36(30,000) — 10,800 (dollars) 


Equation: 0.24x + 0.42(30,000 — x) = 10,800 
0.24x + 12,600 — 0.42x = 10,800 
12,600 — 0.18x = 10,800 
—0.18x = —1800 
x = 10,000 
So, $10,000 was invested in single-disc players and 30,000 — 10,000 = $20,000 was invested in multi-disc players. 


9. The formula for the volume of a cylindrical container is V = zr^h. To find the height of the container, solve for Л. 


V 
h=— 
лт? 
Then, using У = 84and r = 3, find the height. 
улс as 
л(3) 
h = 84 
9л 
һ = 2.97 


So, the height of the container is about 2.97 inches. You can use unit analysis to check that your answer is reasonable. 


84in? — 84in.. и. Mí 84 
Эл in? 9л и. ж Эл 


in. = 2.97 in. 
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Checkpoints for Section 1.4 


1. 2x7 -3x+1=6 Write original equation. 
2x? — 3x - 5 = 0 Write in general form. 
(2x — 5)(х +1) = 0 Factor. 


2Х-5-0-х-э 3 Set Ist factor equal to 0. 
x+1=0 = х = -l Set2nd factor equal to 0. 


The solutions are x = —1 andx = 3 


Check: x = –1 
2x? -3àx 41 = 6 


251 - 3(-1) +1 = 6 


21)+3+1 = 6 
6-6 Y 
эн 
2x? -3x+1 = 6 
208) +1 = 6 
25) _ 15 i 
TENET 
6-6 Y 
2. (a) 3x? = 36 Write original equation. (b) (x - 1) = 10 
х2 12 Divide each side by 3. x-1=+-/10 
x = +512 Extract square roots. х= 1+ 4/0 
= +24/3 
^ УЗ The solutions are x = 1 + V/10. 
The solutions are x = £24/3. Check: о х=1- JIO 
Check: x = -24/3 (x Е їр = 10 
3x? = 36 2o d 
i [( - 19) - 1 2 10 
2 9 
3(-2 3) = 36 d 
А (-410) = 10 
312) = 36 10 = 10 У 
36 = 36 У 
х=1+ Ло 
> 2/3 2 
(x-1? = 10 
3x? = 36 - 
б [( + Vi0 -1| = 10 
32-/3) - 36 | | 
2 ? 
: (Ло) = 10 
3(12) = 36 ЕЕЕ: 
36 = 36 v Е 
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3. x? = 4x -1 


x? - 4x 


х2 — 4х + (2) 
(half of 4)’ 


(x - 2) 
х-2 


x 


Write original equation. 
Add 1 to each side. 


Add 2? to each side. 


Simplify. 


Extract square roots. 


2 + 4/5 Add2 to each side. 


The solutions are x = 2 + J5. 


Check: x 22- 4/5 


xX —4x-1 = 0 
2 ? 
(2 - Vs) - 4(2- V5)-1 = 0 
(4 - 4 5 +5)-8+4J5 -1 - 0 
2 
4+5-8-1 = 
0 = "4 
x=2+ J5 also checks. VW 
5. 3x7 -10x -2 = 0 Original equation 
3x? — 10x = 2 Add 2 to each side. 
10 2 
xét me. Divide each side by 3. 
2 2 2 
x? ЫГ | aN cage H 2 Add З to each side. 
3 3 3 3 3 
2i 
5 31 
х--| =— Simplify. 
| 3 9 plify 
y= В = + Extract square roots. 
= 2 t 3l Add 2 to each side. 
3 3 3 
31 
The solutions are i E xc 


4 2x? — Ay +1 
2x? — 4x 


x? — 2x 


з 
Il 
EN 


Check: 


Nie 


+ 


»|5 Nie 


I+ 


ls 


I+ 


“5 


о 


NIE nj= 


+ 


— 


+ 
— 
pen 
х- 
N 


Write original equation. 


Subtract 1 from each side. 


Divide each side by 2. 


Add 12 to each side. 


Simplify. 


Extract square roots. 


Rationalize the 
denominator. 


Add 1 to each side. 


(4 


31-42 +5) 4+2 +1 = 0 


2-2\/2+1-4+2V2+1 = 0 


2 
The solution x = 1 + ES also checks. 


2+1-4+1 = 


0 = 
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6. 32 + 2x – 10 = 0 Write original equation. 
— Bau 2. 
x= pM ч Quadratic Formula 
2a 
2 
-2 t4J(2) – 4(3)(-10 
x= ( ) Х ) Substitute а = 3, b = 2andc = -10. 
2(3) 
—2 + V4 + 120 ee 
i a ERIS Simplify. 
zi hs 
x= aS Simplify. 
-2t24 
x= c Simplify. 
2(—1 + 31) 
x= шинж Ei Factor our common factor. 
EBEN 
x= =o Simplify. 
—] £431 
The solutions are 3 . 
—] + X31 
Check: x = : 


4 10 = 0 
3 3 3 3 


-1- 31 


The solution x — EI E also checks. v^ 


Area of 
room 


7. Verbal Model: NAE . 


ofroom 


Length 
of room 


Labels: Width = w (feet) 
Length =/=w+6 (feet) 
Area = 112 (square feet) 


Equation: w(w + 6) = 112 


w + 6w = 112 
м2 + бу – 112 = 0 
(w – 8)( + 14) = 0 


и -8 = 0 = у= 8 
и + 14 = 0 > у = -14 


Choosing ће positive value, you can conclude the width is 8 feet and the length is у + 6 = 14 feet. You can check this 
solution by observing that the length is 6 feet longer than the width and the product of the length and width is 112 square feet. 
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8. To set up a mathematical model for the height of the 
rock, use the position equation 


s = -16 + Vot + sg. 


Because the object is dropped, the initial velocity is 
V, = 0 feet per second. Because the initial height is 


So = 196 feet, you have s = —16t7 + 196. 


To find the time the rock hits the ground, let the height s 
be zero and solve the equation for t. 


-16t? + 196 Write positive equation. 
0 = -16£? + 196 Substitute 0 for height. 


nA 
ll 


16/2 = 196 Add 16? to each side. 
P= — Divide each side by 16. 
196 Ве 
t= 16 Extract positive square root. 
t= it Simplify. 
4 
t= 3.5 Simplify. 


The rock will take 3.5 seconds to hit the ground. 


9. To find the year in which the number of users reached 
2.25 billion, solve the equation 
0.004297? + 0.08021 — 0.588 = 2.25. 
To begin, write the equation in general form. 
0.004296? + 0.0802; — 2.838 = 0 
Use the Quadratic Formula. 


_ bt A b? — 4ac 


2a 


-0.0802  A/(-0.0802)* — 4(0.00429)(— 2.838) 
2(0.00429) 
_ —0.0802 + 4/0.055132 


0.00858 
—36.7 and 18.0 


Choose / = 18.0 because it is in the domain of F. The 
number of users reached 2.25 billion in 2018. 


u 


10. 
3x \ 


ю-Х--эн 


Use the Pythagorean Theorem. 

а? + Ь? = с? 

(ху + (х) - (32) Substitute for a, b, and c. 
9x? + x? = 1024 Simplify. 
10x? = 1024 Simplify. 


Pythagorean Theorem 


x? = 1024 Divide each side by 10. 
x = 102.4 Extract positive square root. 


The total distance covered by walking on the L-shaped 
sidewalk is 


x + 3x = 4x 
= 44/102.4 
= 40.5 feet. 


Walking on the diagonal saves a person about 
40.5 — 32 = 8.5 feet. 
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Checkpoints for Section 1.5 


1. (а) (7 + 3i) + (5 – 4i) = 7 + 3i + 5 — 4i 
= (7+ 5) + (3 – 4); 
= 12-і 


(с) 2i + (-3 – 4i) - (-3 - 3i) = 2i - 3 - 4i + 3 + 31 
= (-3 + 3) + (2-4 + 3)i 
=0+i 


=i 


(d (5 – 3i) + (3 + 5i) - (8 + 2i) = 5 -3i +3 + 5i - 8 - 2i 
= (5+3 - 8) + (-3 + 5 – 2); 
= 04 0i 
-0 


(-5)(2i) Distributive Property 
-15-10i Simplify 


2. (а) —5(3 – 2i) = —5(3) 


(b (2- 4i)(3 + 3i) = 6 + 6i – 12i – 122 FOIL Method 
-6-6 – 127 – 12(-1) 22-1 


= 6 — 6i + 12 Simplify. 

= 18 - 6i Write in standard form. 
(с) (4 + 5i)(4 — 5i) = 4(4 — 5i) + Si(4 — 5i) Distributive Property 

= 16 — 20i + 20i — 25i? Distributive Property 

-16-20i + 20i -25(-1 P = -1 

= 16 + 25 Simplify. 

= 41 Write in standard form. 


(d) (4 + 22) = (4 + 20(4 + 2i) 
= 4(4 + 2i) + 2i(4 + 2i) 
= 16 + 8i + 8i + 4i? 
= 16 + 8i + 8i + 4(-1) 
= (16 — 4) + (8i + 8i) 
= 12 + 16i 


Square of a binomial 
Distributive Property 
Distributive Property 
? = -l 

Group like terms. 


Write in standard form. 
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3. (a) The complex conjugate of 3 + 6i is 3 — 6i. 
(3 + 6i)(3 — 6i) = (3) - (6i) 


= 9 – 360 
= 9 – 36(-1) 
= 45 


(b) The complex conjugate of 2 — 5i is 2 + 5i. 
(2 - 5i)(2 + 5i) = (2) — (50) 


= 4- 25 
= 4 - 25(-1) 
= 29 
4 21:41 241 2+1 Multiply numerator and denominator by 
oec DP. uy complex conjugate of the denominator. 
4+2+21+1? 
= Expand. 
4-7 Р 
4-1+ 41 5 
a a ааа = -1 
4 - (21) 
Бо Ён: Simplify. 
5 
3 4. Epe 
= Е + E. Write in standard form. 


5. J-M 4-2 = Vi4iV2i = 28? = 2V7(-1) = -2V7 


6. To solve 8x? + 14x + 9 = 0, use the Quadratic formula 


ER -b + NP? — Дас 
2a i 
-14 € ./14 — 4(8)(9) ) 
x= Substitute a = 8,b = 14,andc = 9. 
2(8) 
-14 + 4/-92 
= — > Simplify. 
T plify. 
—]4 + J93; 
= БЕЗЕ Write 4 /—92 in standard form. 
= 218 t 60 Write іп standard form. 
16 16 
-7 231 
= — + Simplify. 
5 2 plify 
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Checkpoints for Section 1.6 


1. 9x4 — 12x? 20 Write original equation. 
3x? (3x? - 4) =0 Factor out common factor. 
3x? = 0 => х= 0 Set 1st factor equal to 0. 
30-420 > 3x = 4 Set 2nd factor equal to 0. 
"E 
3 
х= + ы 
3 
M3 
рта 
3 
Check: x = 0 


9x4 – 1252 = 0 


9(0)* — 12(0 = 0 


o 
тта 
СЭР: 
Mui ай 

| 

m 

N 
Lo NE 
|» 
h r 

I ~ 

о 


020v 


The solution x = — : also checks. v^ 
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2. (а) x? – 5х2 – 2х+10 = 0 Write original equation. 
х((х-5)-2(х-5) = 0 Factor by grouping. 
(x - 5)(x? - 2) - 0 Distributive Property 
х-5= 05 х = 5 Set 1st factor equal to 0. 
x)-2202xx-22 Set 2nd factor equal to 0. 
= x2 


Check: x =5 
xX = 5x? -2x +10 = 0 


(5P — 5(5) – 2(5) «10 = 0 


2 
125 – 125- 10 +10 = 0 


x = V2 


xX = 5x? -2x +10 = 0 


(a -SE -33) +10 2 о 


2/2 -10 24/2 +10 = 0 
020v 
The solution x = —\/2 also checks. у 


(D 6x? — 27x? — 54x = 0 


3x(2x? = 9x = 18) = 0 Factor out common factor. 
3x(2x + 3(x - 6) = 0 Factor quadratic factor. 
3x -0-х = 0 Set Ist factor equal to 0. 
2x+3=0 >x = -i Set 2nd factor equal to 0. 
x-6=05x = 6 Set 3rd factor equal to 0. 


Check: x = 0 


6x – 27x? - 54x = 0 
e(0) – 27(0)? – 54(0) = 0 
0о= 0 Уу 
х=-3 
бх? – 27x? – 54x = 0 
3 2 
4-2) = 70-3) – 54-3) = 0 
3 2 
6-2) - 27(2) + 27(3) = 0 
81 _ 243 2 
—§1 243 4g] = 
0-0 м 
x=6 
бх? – 27x? - 54x = 0 
(6)? —27(6) – 54(6) = 0 
6(216) - 27(36) – 324 = 
0 = 0 м 
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3. (a) This equation is of quadratic type with u = x^. 


x* = 7x? +12 


(x2) - 7x?) +12 = 


0 


(u - 3)(u - 4) = 


2 
Write original equation. 


Quadratic form 
u =x? 


Factor. 


Solutions to Checkpoints 


443 


0 
и? — 7и +12 = 0 
0 
u-3=0 >u = 3 Set 1st factor equal to 0. 


u-4=0>u = 4 Set 2nd factor equal to 0. 


Replace u with x? and solve for x in each equation. 


и= 3 и= 4 


The solutions are x = —4/3, x = A13; x = —2,and x = 2. 


Check: x = —V/3 x-2-2 
x*—-7x412 = 0 xt — 7х2 +12 = 0 
4 2 ? 4 2 
(-43) - 7(-V3) +12 = 0 (-2)° -7(-25 +12 = 0 
; ? 
9 – 7(3) +12 = 0 16-28-12 = 0 
А 0 = 0 Vv 
-21421 = 0 | 
The solution x = 2 also checks. у 
020v 


The solution x = 4/3 also checks. v 


This equation is of quadratic type with u = x?. 


9x4 -371x +4 = 0 


(b) 


Write original equation. 


92) ш 37(x°) +4 = 0 Quadratic form 
9u? – 37и +4 = 0 и = x? 
(9и -1(u - 4) = 0 Factor. 


9,1202 u 


Set 1st factor equal to 0. 


> ol 


u-4=0>u = Set 2nd factor equal to 0. 


Replace u with x? and solve for x in each equation. 


E m 
из u=4 
2^ — d c 
х= 9 x =4 
x=ti|x=+2 


The solutions are —1, 1 


p з —2, and 2. 


Check: x 


9x! – 37x7 +4 = 0 


зт lY 44 = 0 


98) – 375) +4 = 0 
Led а) 
-444 = 0 Y 


The solution х = т ао checks. v 


х= –2 
9x* – 37х2 +4 = 0 
9(-2)' – 37(-2) +4 = 0 


9(16) – 37(4) +4 = 0 
144 – 148 +4 = 0 Y 


The solution х = 2 also checks. W 
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4. 2 -\/40 - 9x = х Write original equation. 
-v40 -9x =x-2 Isolated radical. 


(—/40 = 9x) = (x - 2) Square each side. 
40 -9x = х? —4x +4 Simplify. 
0 = x? + 5х – 36 Write in general form. 
0 = (x — 4)(x + 9) Factor. 
x-4=0>x=4 Set Ist factor equal to 0. 
х+9 = 0 = х = -9 Set2nd factor equal to 0. 


Check: х = 4 
zd) cor КОИ 
40 – 94) +2 = 4 
-J/4+2 = 4 
20-р 2 
+ 4 х 


x = 4 is an extraneous solution. 


х =-9 
-4/40-9(-9) +2 = -9 
—/121+2 = -9 


-11+2 = -9 


-9 = -9 У 


The only solution is x = —9. 


5. (x- 5)? = 16 Write original equation. 
(х = 5y = 16 Rewrite in radical form. 


(x - 5)” = 4096 Cube each side. 
x—5 = +64 Extract square roots. 
x=5+ 64 Add 5 to each side. 


= 16 


) ) 
(59 – 5)? = 16 (69 – 5° = 16 
) ) 


(-4y = 16 (4A = 16 
16 = 16 v 16 = 16 v 


The solutions are x = —59 and x = 64. 
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6. The LCD of the three terms is x(x + 3). 


4 2 


— + = -3 Write original equation. 
x x+3 
4 2 д 
x(x + 3)— + x(x + 3) pe x(x + 3)(-3) Multiply each term by LCD. 
x x+ 
A(x + 3) + 2x = -3x(x + 3, x 2 -3,0 Simplify. 
бх + 12 = -3x? – 9х Simplify. 
3x? + 15x +12 = 0 Write in general form. 
3(x? + 5x + 4) = 0 Factor. 
х2 + 5х +4 = 0 Divide each side by 3. 
(x + I(x + 4) = 0 Factor. 
х+1=0=—ух=-1 Set 1st factor equal to 0. 
x+4=0 > x= -4 Set 2nd factor equal to 0. 
Both x = —4 and x = —1 are possible solutions. 
Check: x = —4 x= -l 
4 = = -3 — + ^ = -3 
x x-3 x x-3 
4 2 ? 4 2 ? 
H = -3 + = -3 
EE MEE 
? ? 
-14(-2) = -3 -4 + (1) = -3 
-3 = -3 v -3 = -3 v 
So, the solutions are x = —4 and x = -1. 
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7. |x? + 4x] = 7x +18 


First Equation 


x? + 4x = 7x +18 Use positive expression. 
х? — 3x – 18 = 0 Write in general form. 
(x + 3)(x – 6) = 0 Factor. 


x+3=0 = х =-3 Set Ist factor equal to 0. 


х-6= 0 5 х= 6 р Set 2nd factor equal to 0. 


Second Equation 
-(e + 4x) = 7x + 18 Use negative expression. 
0 = x? +11x +18 Write in general form. 
(x + 9)(х + 2) = 0 Factor. 
х+9 = 0 = х= -9 бе Ist factor equal to 0. 
х+2 = 0 = х = -2 Set2nd factor equal to 0. 


The possible solutions are x = —3, х = 6, andx = -9 апіх = -2. 


Check: x = -3 


|x? + 4x| = 7х +18 
|3} + 4-3)| = 7-3) +18 
1-3| E -3 
з х -3 
х = —3 does not check. 


|60] = 60 
60 = 60v 
x = 6 checks. 


|x? + ах = 7x +18 


[ 9 + 4(-9)| = 7(-9) + 18 
|45| = -45 
45 X —45 
x — —9 does not check. 
хэ-2 


-4| 5 4 


4= 4 v 
x = —2 checks. 
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8. Verbal Model: |Cost per student] - | Number of students | = |Cost of trip 


Labels: Cost of trip = 560 (dollars) 
Original number of students = x (people) 
New number of students = x + 8 (people) 
Original cost per student — 269 (dollars per person) 
x 
560 
New cost per students = —— — 3.50 (dollars per person) 
X 
560 ? 
Equation: Е - 222 + 8) = 560 Check: E - 122 +8) = 560 
x x 
560 — 3.5 ? 
(20-380:), + 8) = 560 E 3 350 (32 +8) = 560 
x 32 
— == ? 
(560 — 3.50x)(x + 8) = 560x, x # 0 (14)(40) 2 seo 
560x + 4480 — 3.5x? — 28x = 560x 3 2 
60 - 560 
-3.5x? — 28x + 4480 = 0 : 
x? + 8x – 1280 = 0 
(x — 32)(x + 40) = 0 
x — 32 = 0 > w = 32 
x+40=0 > w = -40 
Only the positive value of x makes sense in the context of the problem, 
so you can conclude that x + 8 = 32 + 8 = 40 students are now 
chartering the bus to the observatory. 
y nt 
9. Formula: A= "i t а 
п 
Labels: Balance = A = 3544.06 (dollars) 
Principal = P = 2500 (dollars) 
Time = t = 5 (years) 


Compounding periods per year = n = 12 (compoundings per year) 


Annual interest rate = r (percent in decimal form) 
» \ї2® 
Equation: 3544.06 = 2501 + z) jM 
12 Check: А = A + 3 
3544.06 py? 5 
: - \ T | 2 0 07 (12)(5) 
2500 12 3544.06 = 250014 —— 
" 12 
5 
1.4176 = |1 + — 
12 3544.06 = 3544.06 v 
(1.4176) 2 14 — 
12 
1.0058 = 14 Č 
12 
0.0058 = — 
12 
0.07 =r 


The annual interest rate is about 0.07 or 7%. 
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Checkpoints for Section 1.7 


1. (a) [-1, 3] corresponds to —1 € x < 3. The interval is bounded. 


t——3 >x 
-4-3-2-1 0 12 34 5 


(b) (-1, 6) corresponds to —1 « x « 6. The interval is bounded. 


x 
-2-1 01234567 


(с) (=, 4) corresponds to x < 4. The interval is unbounded. 


(d) [0, ce) corresponds to x > 0. The interval is unbounded. 


ee Eeee 
-4-3-2-1 0 1234 5 
2. 7x —3 < 2x + 7 Write original inequality. 
5x € 10 Subtract 2x and add 3 to each side. 
x<2 Divide each side by 5. 
The solution set is all real numbers less than or equal to 2. 


3. (a) Algebraic solution 
2 = ах »х-06 Write original inequality. 
6—5x > 3x — 18 Multiply each side by 3. 
—8x > —24 Subtract 3x and subtract 6 from each side. 
x <3 Divide each side by —8 reverse the inequality symbol. 
The solution set is all real numbers that are less than 3. 


э-------“) e x 
0 1 2 3 


4 


(b) Graphical solution 
Use a graphing utility to graph y; 2 2 — Sx andy, = x — 6 in ће same viewing window. Use the intersect feature 
to determine that the graphs intersect at (3, —3). The graph of y, lies above the graph of y, to the left of their point 


of intersection, which implies that y, > y, forall x < 3. 


jai i Sy 
yy= 2-3 


3 


4.1«2x * 7 «1I Write original inequality. 
1-7 < 2х+7-7 <11- 7 Subtract 7 from each part. 
-6<2x <4 Simplify. 
28 < = < 4 Divide each part by 2. 
2 2 2 
-3«x«2 Simplify. 


The solution set is all real numbers greater than —3 and less than 2, which is denoted by (-3, 2). 


-4-3-2-1 0 1 2 3 
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5. |x - 20| <4 Write original inequality. 
-4<х- 20 < 4 Write equivalent inequalities. 
—4 + 20 < x — 20 + 20 < 4 + 20 Add 20 to each part. 

16 € x < 24 Simplify. 


The solution set is all real numbers that are greater than or equal to 16 and less than or equal to 24, which is denoted by [16, 24]. 


-- х 
12 14 16 18 20 22 24 26 28 


6. Verbal model: Hourly wage 2nd job > Hourly wage 151 job 
Labels: Units produced = x 


Hourly wage Ist job = 14.50 
Hourly wage 2nd job = 10 + 0.75x 
Inequality: 10 + 0.75x > 14.50 
10 + 0.75x > 14.50 
0.75x > 4.50 


x > 6 
Checkpoints for Section 1.8 


1. By factoring the polynomial x? — x — 20 « 0 as x? — x — 20 = (x + 4)(x — 5) you can see that the 
y 8 the poty 


key numbers are x = —4 and x = 5. So, the polynomial’s test intervals are (оо, —4), (—4, 5), and (5, оо). 


In each test interval, choose a representative x-value and evaluate the polynomial. 


Test interval x-value Polynomial value Conclusion 
(=>, -4) х= —5 (-5) – (-5) – 20 =10 Positive 
(-4. 5) х= 0 (0). – (0) - 20 = -20 Negative 
(5, ~) х= 6 (6) – (6) - 20 = 10 Positive 


From this, you can conclude that the inequality is satisfied for all x-values in (—4, 5). 


This implies that the solution of the inequality x? — x — 20 < 0 is the interval (74, 5). 


Choose x = —5. Choose x = 6. 
(х + 4)(х— 5) >0 (х + 4)(x-5)>0 
v КУ; 
аа _———ө——- 


Сһоове х = 0. 
(х +4)(x-5) <0 
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2. 3x3 —x?-12x > -4 Write original inequality. 
3x? — x? — 12х +4 >0 Write in general form. 
x°(3x — 1) – 4(3x - 1) > 0 Factor. 
(3x —1)(x? - 4) >0 Factor. 
(3x — 1)(х + 2)(х – 2) > 0 Factor. 


The key numbers are x = —2, x = > and x = 2, and the test intervals are (— оо, -2) (-2. 1), (Ч, 2) and (2, оо). 


Test interval x-value Polynomial value Conclusion 
(75, -2) x= 3 3-3) -(-3) -12(-3) + 4 = -50 Negative 
(-2, 1) х= 0 3(0)° – (0) – 12(0) +4 = 4 Positive 
(4, 2) x= 1 30y - (D? -12() + 4 = -6 Negative 
(2, ~) х= 3 3(3y — (3) – 12(3) + 4 = 40 Positive 


From this, you can conclude that the inequality is satisfied on the open intervals (-2, 1) and (2, оо). 


So, the solution set is (-2, 1) U (2, оо). 


1 


-4 -3 -2 -1 0 1 2 3 
3. (a) Algebraic solution 4. (a) The solution set of x? + бх + 9 < 0 is empty. In 
2x? + 3x < 5 Write original inequality. other words, the quadratic x? + 6x + 9 is not less 
2x? + 3x —5 < 0 Write in general form. than 0 for any value of x. 
(2x + 5)(x — 1) < 0 Factor. (b) The solution set of x? + 4x + 4 < 0 consists of 
x the single real number { — 2 }, because the 
Key numbers: x — —5 andx = 1 

quadratic x? + 4x + 4 has only one key number, 

Test intervals: (7. -3) (-& 1), (1, оо) x = —2, and it is the only value that satisfies the 


Test: Is (2x + 5)(x — 1) < 0? inequality. 


(c) The solution set of x? — 6x + 9 > 0 consists of 


After testing the intervals, you can see that the : 
8 M all real numbers except x — 3. In interval 


. 2 22 . . 
polynomial 2x" + 3x — 5 is negative on the open notation, the solution set can be written as 


interval (-4, 1). (—°°, 3) U (3, о). 


: : TEE 5 
So, the solution set of the inequality is (-4, 1. (d) The solution set of x? — 2x + 1 > 0 consists of 


(b) Graphical solution the entire set of real numbers (—ce, ©). In other 
First write the polynomial inequality words, the value of the quadratic x? — 2x + 1 is 

2 2 

2x + 3x «5as2x + 3x —5 > 0. Then use a non-negative for every real value of x. 

graphing utility to graph y = 2x? + 3x — 5. You 

can see that the graph is below the x-axis when x is 


greater than -$ and when x is less than 1. So, the 


solution set is (-& 1). 
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= : 2 —3 Write original inequality. 
= 
х-2 Е 
3 +320 Write in general form. 
TM 
= 3(x -3 
ээг + 2580) 20  Rewrite fraction using LCD. 
х-3 х-3 
gend deem 20 Add fractions. 
х-3 
eS зар gimptity. 
х-3 


11 
Key numbers: x = T x=3 


11) /11 
Test intervals: (^ 1) Е 3) (3, eo) 
4 4 
Test: Is S711 > р 
х-3 
Test interval x-value Polynomial value Conclusion 
11 4(0) — 11 
—eo, n) x=0 е 5 u Positive 
4 0-3 3 
11 4(2.9) - 11 : 
2 3) x = 2.9 ( ) 2113 6 Negative 
4 29-3 —0.1 
4(4) — 11 
(3, ~) x=4 КОИ = 2 =5 Positive 
4-3 1 


After testing these intervals, you can see that the inequality is satisfied on the open intervals 
4x — 11 


x-3 


11 
[-~ =) and (3, оо), Moreover, because = 0 when x = = you can conclude that 


the solution set consists of all real numbers in the intervals (^ Ч U (3, со), 


451 
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(b) E - > 3 Write original inequality. 
"NE 
4х-1 
x — 3 > 0 Write in general form. 
pou 
4x -1- 3(x - 6) | , . 
—=— > 0 Combine fractions with LCD. 
pow 
аас у ан 
x—6 


aaa 2 > 0 Simplify. 


P" 
Key numbers: x = —17,x = 6 


Test intervals: (—оо, —17), (—17, 6), and (6, ) 


Test: Is 217 > о? 
x- 

Test interval x-value Polynomial value Conclusion 
20) +17 

(79s, -17) -20 (DIET - 2 Positive 
(20) — 6 14 
0)+17 1 

(717, 6) 0 шит 8 Negative 
(0) — 6 6 
8) +17 

(6, ~) 8 (BET E Positive 
(8-6 2 


After testing these intervals, you can see that the inequality is satisfied on the open intervals (—ee, -17) and (6, о). 


So, you can conclude that the solution set consists of all real numbers in the intervals (—оо, -17) U (6, =). 


-17 6 


por? : + {——ә» > 


+ 
2 0 12 24 


6. Verbal Model: |Profit| = |Веуіеу | – |Cost 


Едиайоп: Р= В - С 
Р = x(60 — 0.0001x) – (12x + 1,800,000) 
Р = -0.0001x? + 48x = 1,800,000 


To answer the question, solve the inequality as follows. 
P 2 3,600,000 
—0.0001x? + 48x — 1,800,000 > 3,600,000 
—0.0001x? + 48x — 5,400,000 > 0 
0.0001x? — 48x + 5,400,000 < 0 
x? — 480,000x + 54,000,000,000 < 0 
(x — 180,000)(x — 300,000) < 0 


IV 


lA 


After finding the key point and testing the intervals, you can find the solution set is [180,000, 300,000]. 
So, by selling at least 180,000 units but not more than 300,000 units, the profit is at least $3,600,000. 
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7. Algebraic solution 


Recall that the domain of an expression is the set of all x-values for which the expression is defined. Because 


Vx? — 7х + 10 is defined only if x? — 7x + 10 is non-negative, the domain is given by x? — 7x + 10 > 0. 
x? — 7x +10 > 0 Write in general form. 
(x — 2)(х — 5) > 0 Factor. 
So, the inequality has two key numbers: x = 2 andx = 5. 
Key numbers: x = 2,x = 5 
Test intervals: (—ee, 2), (2, 5), (5, œ) 
Test: Is (x - 2(x - 5) 2 0? 
A test shows that the inequality is satisfied in the unbounded half-closed intervals (—«e, 2] or [5. оо), So, the domain of the 


expression Vx? — 7x + 10 18(—оо, 2] U [5, e). 


Graphical solution 


Begin by sketching the graph of the equation y = ~x? — 7x + 10. From the graph, you can determine that the x-values 


extend up to 2 (including 2) and from 5 and beyond (including 5). So, the domain of the expression Vx’ — 7x + 10 is 
(75 2] v [5, =), 


y 
A 


Chapter 2 
Checkpoints for Section 2.1 


1. (a) Because b = 2, the y-intercept 1 (c) By writing this equation in 


slope-intercept form 
4x+y=5 


is (0, 2). Because the slope 


is m = —3, the line falls 


three units for each unit grupos 


the line moves to the right. you can see that the y-intercept is (0, 5). 


Because the slope is m — —4, the line falls 


four units for each unit the line moves to the 
right. 


(b) By writing this 1 y 
equation in the form 14 
y = (0) x - 3, you can = 


see that the y-intercept is TT 
(0, —3) and the slope is -21 


m = 0). А zero slope 


implies that the line is 
horizontal. 
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2. (a) The slope of the line passing through 4. By writing the equation of the given line in slope- 
8-(-6) 14 intercept form 
—5, -6) and (2, 8) ism = ——— = — = 2. 
(5-6) and 2,8) ism = 51— = 7 о 
: : -3y = -5x + 8 
(b) The slope of the line passing through 
(4, 2)and(2, 5) вт = 3—2 = 3 2 Л у= 5-5 
,2)and(2, 5) ism = - =о——. 
2-4: 42322402 з 3 
| 5 
(c) The slope of the line passing through (0, 0) and You can see that it has a slope ofm = Т 
(0, –6)іѕт = E = = =, Because division by (a) Any line parallel to the given line must also have a 
T 5 : : 
0 is undefined, the slope is undefined and the line is slope of m — 7 So, the line through (—4, 1) that is 


veea parallel to the given line has the following equation. 


(d) The slope of the line passing through (0, –1) and у-у = m(x - x) 


: -1-1(-) 0 5 
Е a yere p) 
5 
3. (a) Use the point-slope form with m = 2 and y-l= 36 + 4) 
" = (3, –7). 
(560) = ( ) EE NEU 
y - y = т(х-х) У c 3 
y= (1) = X5 - 3) "T 
yt722x-6 3 3 
y 2 2x - 13 (b) Any line perpendicular to the given line must also 
3 3: : 
The slope-intercept form of this equation is have а slope of m = 75 because 75 is the negative 


y = 2х — 13. 5 
E reciprocal of —. So, the line through (—4, 1) that is 
(b) Use the point-slope form with m = —— and 3 

3 perpendicular to the given line has the following 


(х,у) = (1,1) equation. 
y- y = m(x- x) у-у = m(x - x) 
-2 ra eae 
y-1= 06:21 мин ВА 
popes ee? у-1= 2+4) 
3 3 5 
КЕ ИЕ ME ERE. 
puts d 2 
The slope-intercept form of this equation is y= 3, 23 
2829 25 m 
y= Eu + т 
5. The horizontal length of the ramp is 32 feet or 
(c) Use the point-slope form with т = 0 and 12(32) = 384 inches. 
» Xi) = (11). 
(a) = (1) So, the slope of the ramp is 
у-у = m(x — x) vertical change 36 in. 
-120(x-1 Slope = — = —— = 0.094. 
y (x -1) horizontal change — 384 in. 
у-1-0 1 
sessi Because. = 0.083, the slope of the ramp is steeper 
The slope-intercept of the equation is the line y = 1. than recommended. 


6. The y-intercept (0, 1500) tells you that the value of the 
copier when it was purchased (t = 0) was $1500. The 


slope of m = —300 tells you that the value of the copier 


decreases $300 each year since the copier was purchased. 
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7. Let V represent the value of the machine at the end of 8. Let ¢ = 3 represent 2013. Then the two given values are 


year t. The initial value of the machine can be represented by the data points (3, 3.9) and (8, 4.2). 
represented by the data point (0, 24,750) and the salvage 
The slope of the line through those points is 


value of the machine can be represented by the data point 
РИВЗ 42-39 03 


(6, 0). The slope of the line is = 0.06 
8-3 5 
m= zd Use the point-slope form to write 
m = -$4125 y — 3.9 = 0.06(t — 3) > y = 0.06t + 3.72. 


According to this equation, the population in 2024 will be 


The slope represents the annual depreciation in dollars ae 
y = 0.06(14) + 3.72 = 4.56 million people. 


per year. Using the point-slope form, you can write the 
equation of the line as follows 


V — 24,750 = —4125(t — 0) 
V — 24,750 = —4125¢ 
V = —4125t + 24,750 


The equation У = —4125t + 24,750 represents the book 


value of the machine each year. 


Checkpoints for Section 2.2 


1. (a) This mapping does not describe y as a function of x. 3. (a) Replacing x with 2 in f(x) = 10 — 3x? yields the 
The input value of —1 is assigned or matched to two 


different y-values. following; 
(b) The table does describe y as a function of x. Each f(2) = 10 - 3(2y 
input value is matched with exactly one output = 10—12 
value. ENT. 
2. (a) Solving for y yields (b) Replacing x with —4 yields the following. 
x+y? =8 Write original equation. f(-4) = 10 - 3-4) 
y =8-x Subtract x? from each side. = 10 48 
y = +\/8 – x?. Solve for y. - -38 
The + indicates that to a given value of x there (c) Replacing x with x — 1 yields the following. 
corresponds two values of y. So y is not a function 5 
of x. f(x - 1) 210-Xx - 1) 
(b) Solving for y yields, -10- 3(x? -2x + 1) 
у = Ax? = 36 Write original equation. = 10 3х2 + 6x -3 
y = 36 + 4x? Add 4x? to each side. = 2302 + 6x +7 
To each value of x there corresponds exactly one 
value of y. So, y is a function of x. 4. Because x = —2 is less than 0, use f(x) = x^ +1 to 


obtain f(-2) = (C2) +1=4+1 = 5. 


Because x = 2 is greater than or equal to 0, use 
f(x) = x - lto obtain f(2) = 2-1=1. 


For x = 3, use f(x) = x — 1to obtain 


3) =3=1=2, 
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5. Set f(x) = 0 and solve for x. 


F(x) = 0 
х? -16=0 
(x + 4)(x – 4) = 0 
х+4= 0 5 х= -4 
х-4= 05 х= 4 
So, f(x) = 0 when x = -4 or x = 4. 


6. x? +6x-24=4x- x Set f(x) equal to g(x). 
2x! + 2х - 24 = 0 Write in general form. 
2(х? +x- 12) =0 Factor out common factor. 

х +x-12=0 Divide each side by 2. 
(x + 4)(x – 3) = 0 Factor. 
х+4= 05 х= -4 Set 1* factor equal to 0. 
х-31-0-х-3 Set 2™ factor equal to 0. 


So, f(x) = g(x), when x = -4 or x = 3. 


7. (a) The domain of fconsists of all first coordinates in 8. Use the formula for surface area of a cylinder, 
the set of ordered pairs. s = 2m? + 2arh. 


Domain = [-2, -1, 0,1, 2} (a) s(r) = 2zr? + 2ar(4r) 


(b) Excluding x-values that yield zero in the = 27r? + Bar? 
denominator, the domain of g is the set of all real 
numbers x except.x = 3. 


= lozr? 


i i hy h 
(c) Because the function represents the circumference of (b) s(h) = 22] 3] +22)“ [h 
a circle, the values of the radius r must be positive. 4 4 
So, the domain is the set of real numbers r such that р p2 
r>0. = 2a. 
16 2 
(d) This function is defined only for x-values for which 
x — 16 2 0. You can conclude that x 2 16. So, - lo + Loya 
the domain is the interval [16, оо). 8 2 
5 2 
= -mh 
8 


9. When x = 60, you can find the height of the baseball as follows 
f(x) = -0.004x? + 0.3x + 6 Write original function. 


f (60) 


-0.004(60) + 0.3(60) + 6 Substitute 60 for x. 
= 9.6 Simplify. 


When x = 60, the height of the ball thrown from the second baseman is 9.6 feet. So, the first baseman cannot catch the 
baseball without jumping. 
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0.013512 — 0.339: + 2.81, 9 € t < 13 
0.037t + 0.16, 13 E t € 19 


10. C(t) = | 


Here, t = 9 corresponds to 2009. 
For 2010, { = 10, so use the first equation. 


C(10) = 0.0135(10) — 0.339(10) + 2.81 = $0.77 trillion 
For 2013, / = 13, so use the second equation. 
C(13) = 0.037(13) + 0.16 = $0.641 trillion 
For 2018, ғ = 18, so use the second equation. 


C(18) = 0.037(18) + 0.16 = $0.826 trillion 


f(x +h) - f(x) [Gre A) + 2(x + h) = 3] (2 + 2x -3) 


11. = 
h h 
Ox + 20 + h? + 2х + 2а – 3 – x! - 2х + 3 
h 
_ 2xh +h? + 2h 
Е h 
_ 2x +h +2) 
h 


ll 


2x+h+2, h#0 


Checkpoints for Section 2.3 


1. (a) The open dot at (-3, —6) indicates that x = —3 2. 


is not in the domain of f. So, the domain of fis all 
real numbers, except x # —3, or r3 


(75,73) 0 (73,99) 


(b) Because (0, 3) is a point on the graph of f, it follows 


П 
D 
1 
П 
4 
i 
D 
1 
1 
1 
1 
1 
1 
1 
1 
1 


that f(0) = 3. Similarly, because the point (3, —6) 557 
-64 
is a point on the graph of f, it follows that : . 
f) AT. This is a graph of y as a function of x, because every 
| vertical line intersects the graph at most once. That is, 
(c) Because the graph of f does not extend above for a particular input x, there is at most one output y. 


/(0) = 3,the range of fis the interval (ә, 3]. 
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3. To find the zeros of a function, set the function equal to zero, and solve for the independent variable. 


(а) 2x? + 13x -24 = 0 Set f(x) equal to 0. 
(2х — 3)(x + 8) = 0 Factor. 
2x-3=0>5>x= : Set 1st factor equal to 0. 


x+8=0>5>x=-8 Set 2nd factor equal to 0. 
3 3 Men 
The zeros of fare x = 2 and х = —8. The graph of f has 7 0 | and (-8, 0) as its x-intercepts. 


(b Vt-25=0 Set g(t) equal to 0. 
2 
(Vi - 25| - (0) Square each side. 


1-25-0 Simplify. 
(- 25 Add 25 to each side. 


The zero of g is t = 25. The graph of g has (25, 0) as its t-intercept. 


(c) res 0 Set h(x) equal to zero. 
y= 
x? -2 ; : 
(х-1) "n (х — 1)(0) Multiply each side by x — 1. 
Pee 
x!'-220 Simplify. 
x22 Add 2 to each side. 
хоо +./2 Extract square roots. 
The zeros of h are x = +/2. The graph of h has (V2, 0) and (-V2, 0) as its x-intercepts. 
4. y 6. (a) The average rate of change of f from 
Ї x, = —3 tox, = —2 is 
f) - f(x) _ fC2) - £3) 
х = X -2 - (-3) 
+> x 0 = 
| t E] 
1 
(b) The average rate of change of f from 


This function is increasing on the interval (~, —2), x, = —2 tox = 015 
decreasing on the interval (—2, 0), and increasing on the f (x2) = f(m) _ f(0) - f(-2) 
interval (0, о). Х,-0Х 0 - (-2) 
0-0 
5. |ys-4x2 -7x 43 А ж 2 - 0. 
-4 2 


-5 
By using the zoom and the trace features or the 
maximum feature of a graphing utility, you can 
determine that the function has a relative maximum 


at the point Ё z) or (—0.875, 6.0625). 
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7. (a) The average speed of the car from т, = 0 to 
t, = 1 second is 


8) = s(t) zA E — 20 feet per second. 


5 —h te 
(b) The average speed of the car from 4, = 1 to £j = 4 
seconds is 
s(t) — s(t) . 160 — 20 
h-t 4-1 
140 
2s 


Ч 


46.7 feet per second. 


8. (a) 


(b) 


(c) 


Solutions to Checkpoints 459 


The function f(x) = 5 — 3x is neither odd nor even 
because f(-x) # —f(x)and /(-х) # f(x)as 
follows. 


f(x) 


5 – 3(-x) 
5 + 3x # - f(x) not odd 


# f(x) not even 


So, the graph of fis not symmetric to the origin nor 
the y-axis. 


4 


The function g(x) = x* — x^ — 1 is even because 


g(-x) = g(x)as follows. 


09 
л 
— 

ll 
~ 
= 
мал 
T 
~ 
ы 
DNA 
N 
— 


ll 
з 
гч 
| 
ч 
N 
| 
pu 


! 
23 
Sm 


So, the graph of g is symmetric to the y-axis. 
The function h(x) = 2x? + 3x is odd because 
h(-x) = -h(x) 


h(-x) = 2(-xy + 3(-x) 
= -2% – 3x 
= -(2x + 3x) 
= -h(x) 


So, the graph of / is symmetric to the origin. 
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Checkpoints for Section 2.4 


1. To find the equation of the line that passes through the 2. For x = — 3, Л 3) = ЇЕ + 2] 
points (x, yı) = (-2, 6) and (хо, y2) = (4, —4), first | 
find the slope of the line. Е B 
0 


ll 


з= уу-у _ -9-6 _-15 -5 
x,-xX 4-(-2) 6 2 Since the greatest integer < + is 0, f(-3) =0. 
Next, use the point-slope form of the equation of the line. For x = 1, f(1) = [1 + 2] 
y- yı = m(x — x) Point-slope form = [3] 
5 А = 
у-6 = x - (-2)] Substitute xj, y; and m. -3 
Since the greatest integer € 3is3, /(1) = 3. 
y-6c- 2 + 2) Simplify. 
2 For x = -3, C3) = H + 2] 
_ os 2-6 E 
y-6= Б^ =>) Simplify. = ЇЕ 
5 mx 
у= -=х +1 Simplify. 
2 Since the greatest integer < -i is —1, | 3) --1 
f(x) = EL +1 Function notation 
3. This piecewise-defined function consists of two linear functions. At x = —4 and to the left of x = —4, the graph is the line 


y= -ix — 6, and to the right of x = —4 the graph is the line y = x + 5. Notice that the point (—4, —2) is a solid dot and 
(-4, 1) is an open dot. This is because /(-4) = -2. 


Checkpoints for Section 2.5 


1. (a) Relative to the graph of f (x) = x°, the graph of (b) Relative to the graph of f (x) = x°, the graph of 
A(x) = х? + Sis an upward shift of five units. g(x) = (x - 3y + 2 involves a right shift of three 
y units and an upward shift of two units. 


у |ңху=х3 
1 fix) = х 


h(x) =x +5 64 


fix) х? 


g(x) =(x-3)3 +2 
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2. The graph of k is a vertical shift of one unit downward of 


the graph of f(x) = x?. So, the equation for k is 
k(x) =x -1, 


3. The graph of k is a horizontal shift of two units to the left 
followed by a reflection in the x-axis of the graph of 


f(x) = x’. So, the equation for kis k(x) = —(х + 2)”. 


4. (а) 


(b) 


Algebraic Solution: 


The graph of g is a reflection of the graph of f in the 
x-axis because 


Ww 
= - f(x). 


Graphical Solution: 


g(x) 


Graph fand g on the same set of coordinate axes. 
From the graph, you can see that the graph of g is a 
reflection of the graph of fin the x-axis. 


31 Дх) =ух- 1 


Algebraic Solution: 


The graph of A is a reflection of the graph of f in the 
y-axis because 


h(x) -4/-х-1 
= f(-x). 
Graphical Solution: 


Graph fand Л on the same set of coordinate axes. 
From the graph, you can see that the graph Л is a 
reflection of the graph of f, in the y-axis. 


h(x) = V-x- l| L| Дх) vx-1 
авын! 
DOR a 
—. _———— + 
-4 -3 -2 -1 12 34 
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5. (a) Relative to the graph of f (x) = x?,the graph of 


g(x) = Ах? = 4 f(x) is a vertical stretch 
(each y-value is multiplied by 4) of the graph of f. 


Y | g(x) = 4х2 
1 8 


(b) Relative to the graph of f (x) = x?,the graph of 
h(x) = ix = 3 (x) is a vertical shrink 


(each y-value is multiplied by 1) of the graph of f. 


1 fo =x? 


A h(x) = 152 


toO dU с ч 
а 4 
те +++ + 


6. (a) Relative to the graph of f (x) = x? + 3, the graph 


of g(x) = f(2x) = (2x)? +3 = 4x? + 3isa 
horizontal shrink (c > 1) of the graph of f. 


Y| а(х) = 4x3? +3 
11869 53 


y 


N 


2+ | fix) =x? +3 


(b) Relative to the graph of f(x) = x? + 3, the graph 


of A(x) = f (ix) 
horizontal stretch (0 « c « 1) of the graph of f. 


(5) РЗ = 1х2 +3isa 


1 Дх)=х? +3 


Y 


> ч ос м о 
pil 


ы 
t 
> 
= 
I 
BI 
х 
to 
+ 
Ww 


--4--- 
-4 -3 -2-1 
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Checkpoints for Section 2.6 


1. The sum of fand g is 5. (а) The composition of f with g is as follows. 
(/ + ex) = f(x) + g(x) (7° gx) = Fle) 
= (x?) + (1- x) = f (4x? +1) 
=x x4. 


When x = 2, the value of this sum is 


(7 + &)(2) = (2) - (2) +1 
= 3. 


. The difference of f апа g 18 
(f - g)(x) = F(x) - g(x) 
= (2) - (1-5) 
sy + х -1. 


When x = 3, the value of the difference is 


(f - 98) = (3)* + (3) - 1 


= 11. 
. The product of fand g is 
(f в) = /(х)в(х) 
- (х?)(1 - х) 
mee 
= = + x’, 


When x = 3, the value of the product 18 


(f 8)(3) = -3) + 6Y 
= -274+9 
= -18. 


Я f(x) =Vx- 3, g(x) = /16-х 


|ONx-3 
X/16-x 
The domain of f is [3, оо). 


The domain of g is (ео, 16]. 


The intersection of these two domains is [3, 16]. When 


x = 16, (f/g)(16) is 


Bo x OT V. RE 
g "Adele. 0 


Which is undefined. So, the domain of (f/g) is [3, 16). 


= 2(4x? + 1) +5 


8x7 +2+5 
= 8x? +7 
(b) The composition of g with fis as follows. 
(e ° /)(х) = (6G) 
= g(2x + 5) 
= 4(2x +5) +1 
= 44x? + 20x + 25) +1 
= 16x? + 80x + 100 +1 


= 16x? + 80x + 101 
(c) Use the result of part (a). 


(7 © g=) = se) +7 


=2+7 
= 9 


6. The composition of f with g is as follows. 


(7° g)(x) = Fle) 

=f (x + 4) 

= Nx +4 
The domain of fis [0, ce) and the domain of g is the set 
of all real numbers. The range of е is [4, оо), which is in 


the range of f, [0, co), Therefore the domain of f o g is 


all real numbers. 


7. Let the inner function be g(x) = 8 — x and the outer 


function be f(x) = 6 
h(x) = = 
- s-a) 
= /(в(х)) 
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8. (а) (Мо T)(t) = М(Т(ї)) (b) Let (N o T)(r) = 1000 and solve for t. 
= 8(2 + 2)? — 14(2t + 2) + 200 321? + 36t + 204 = 1000 
= 8(402 + 8t + 4) - 28 – 28 + 200 321? + 36t – 796 = 0 
2 Z 

= 321? + 64t + 32 — 28 — 28 + 200 4(8 + 9t — 199) = 0 

= 327 + 36t + 204 8? + 91 – 199 = 0 
The composite function (N © T)(r) represents the Use the quadratic formula: 
number of bacteria in the food as a function of the -9 + (9) - 4(8)(-199) 
amount of time the food has been out of = 2(8) 
refrigeration. 

_ -9 4/6449 
16 


t = 4.5 апі t = —5.6. 


u 


Using ¢ = 4.5 hours, the bacteria count reaches 
approximately 1000 about 4.5 hours after the food 
is removed from the refrigerator. 


Checkpoints for Section 2.7 
1. The function f multiplies each input by 5 To “undo” this function, you need to multiply each input by 5. 


So, the inverse function of f(x) = xis f(x) = 5x. 
To verify this, show that 

S(T) = хапа /7(/(4)) = x. 

УТО) = /(5х) = 163) = х 

(FG) = F G2) = S(s) = х 


So, the inverse function of f(x) = tx is f(x) = 5x. 


2. By forming the composition of f and g, you have 
7x+4)-4 7x 
паб) = /тх +) - 255414 7 


So, it appears that g is the inverse function of f. 
To confirm this, form the composition of g and f. 


«ue = (825) = 825) ec 


7 


= Хх. 


By forming the composition of f and Л, you can see that Л is not the inverse 
function of f, since the result is not the identity function x. 


7 


пн) = /| 1 ) =a. 21-91 их 


х-4 7 7(х-4) 


So, g is the inverse function of f. 
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3. First, sketch the graphs of f(x) = 4x — 1and g(x) = as + 1) as shown. You can see that they appear to be reflections of 


each other in the line y = x. This reflective property can be tested using a few points and the fact that if the point (a, 5) is on 
the graph of f then the point (b, a) is on the graph of g. 


y 


^ gj Ez Graph of f(x) = 4x - 1 Graph of g(x) = (х + 1) 
Ч| ХУ (1-5) (-5, -1 
| (0, -1) (-1,0) 
É (1, 3) (3, 1) 
(2.7) (7.2) 


4. First, sketch the graphs of f(x) = x! +1x > бапа g(x) = Xx — las shown. You can see that they appear to be 


reflections of each other in theline y — x. This reflective property can be tested using a few points and the fact that if the 
point (a, b) is on the graph of f then the point (b, a) is on the graph of g. 


y 


A Р P Graph of f(x) = x? +1x 20 Graph of g(x) = Vx -1 

5+ 2^ 

44 у= х 2 2 (0, 1) (1, 0) 

34 27 (1, 2) (2, 1) 
(2.5) (5.2) 
(3, 10) (10, 3) 

5. (a) The graph of f(x) = 4(3 — x) is shown. 6. The graph of f(x) = 5 – 3x шара 
9 x+2 


224 То) iG -x) 


Because no horizontal line intersects the graph of fat 


more than one point, fis a one-to-one function and This grap h passes the Horizontal Line Test. So, you 
does have an inverse function. know fis one-to-one and has an inverse function. 
(b) 


The graph of f(x) = |x| is shown. 


y 
À 


T [feo 2 bd 


Because it is possible to find a horizontal line that 
intersects the graph of fat more than one point, fis 
not à one-to-one function and does not have an 
inverse function. 
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5-3х 

po = 
70) x+2 
_5-3x 
d x+2 
БҮР ээг 
yt2 


x(y + 2) = 5 – 3y 
xy + 2х =5-3y 
xy + 3y = 5 – 2х 
у(х + 3) = 5 – 2х 


205 - 2х 

4 х-3 

ард 3-2x 
f x+3 


7. The graph of f(x) = 


Write original function. 


Replace f(x) with y. 


Interchange x and y. 


Multiply each side by y + 2. 


Distribute Property 


Collect like terms with y. 


Factor. 


Solve for y. 


Replace y with f~'(x). 


3/10 + x is shown. 


Because this graph passes the Horizontal Line Test, you know that fis one-to-one and has an inverse function. 


f(x) = V10 + x 
у= Ло +х 
x = 10 + у 
у= х? – 10 

Р) = 2 -10 


fix) = 10 +x й 
54 


х 


^f | f) 2x3 - 10 


Solutions to Checkpoints 


The graphs of fand f~" аге reflections of each other in the line y = x. So, the inverse of f(x) = IO x 


is f^ (x) = х — 10. 


To verify, check that FG (3) = xand f^! (f(x)) = % 


Л) = ft? - 


= 3/10 + (xà – 10) 


3 
= x 


=x 


10) FE) = 


Il 


ll 


(310 +x) -10 
10+ x = 10 


x 


465 
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Chapter 3 
Checkpoints for Section 3.1 


1. (a) Compared with the graph of y — x?, each output (b) Compared with the graph of y — x?, each output 
of f(x) = ae “shrinks” by a factor of E. of f(x) = - р? is reflected in the x-axis and “shrinks” 
creating a broader parabola. by a factor of - creating a broader parabola. 
yer] у foie Уе 
1 5 
! 2 1 
3 


4-341 | NG 45 
3 
! -4 A 
-5 go) =— 4x? 
(c) Compared with y = x?, each output of (d) Compared with y = —4x?, each output of 
of A(x) = ix "stretches" by a factor of x. k(x) is reflected in the x-axis and "stretches" 
creating a narrower parabola. by a factor of 4. 


0 
9 
8 
7 
6 
5 
4 
3 
——— >x 
-3 -2 -l 3 
2. f(x) = 3 - 6x +4 Write original function. 1 
- ape = 2х) +4 Factor 3 out of x-terms. 
- ae —2x+1- 1) +4 Add and subtract 1 within parentheses. 


3(x? — 2x + 1) - 3(1) + 4 Regroup terms. 


3(x? – 2x 1) - 34 Simplify. н ooo 


= 3(x - р +1 Write in standard form. 


You can see that the graph of fis a parabola that opens upward and has its vertex at (1, 1). 


This corresponds to a right shift of one unit and an upward shift of one unit relative to the 


graph of у = 3x?, which is a “stretch” of y = х2. 


The axis of the parabola is the vertical line through the vertex, x = 1. 
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3. f(x) = xX – 4x +3 Write original function. 
= (x —4x+4- 4) +3 Add and subtract 4 within parenthesis. 
= | - 4x + 4) -4+3 Regroup terms. 
= (x? – 4x + 4) -1 Simplify. 
- [o - 2) -1 Write in standard form. 
In standard form, you can see that fis a parabola that opens upward A 


with vertex (2, —1). 

The x-intercepts of the graph are determined as follows. 
x!-4x43-20 

(x — 3)(x - 1) = 0 


х-3= 0 5 х= 3 js 
х-1-:-0-эх5-1 
So, the x-intercepts are (3, 0) and (1, 0). 
4. The vertex 18 (h, k) = (—4, 11) so the equation has the form 
f(x) = a(x + 4)” +11. 
The parabola passes through the point (—6, 15) so it follows that /(-6) = 15. 
f(x) = a(x + 4) +11 Write standard form. 
15 = a(-6 + 4) +11 Substitute —6 for x and 15 for f(x). 
15 = a(-2) +11 Simplify. 
4 = 4a Subtract 11 from each side. fk 11) 1 
l=a Divide each side by 4. f(x) = (х +4)? +11 
ae ae ee a 
The equation in standard form is f(x) = (x + 4) +11. 
5. For this quadratic function, 
f(x) шах + bx + c = —0.007x + х + 4 
which implies that a = —0.007 and b = 1. 
Because a < 0, the function has a maximum at x = -2 So, the baseball reaches its maximum height when it is 
a 
x= Ap : "S = 71.4 feet from home plate. 


2а 2(-0.007) 0.014 


At this distance, the maximum height is f(14) - —0.007(71.4) + (71.4) + 4 = 39.7 feet. 
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Checkpoints for Section 3.2 


1. (a) The graph of f(x) = (x + 5) is a left shift by five (c) The graph of h(x) = 7 – x* = -x* + 7 isa 
units of the graph of y = х“. reflection in the x-axis then an upward shift of 
j seven units of the graph of y = x*. 
A 
8+ 1 


(b) The graph of g(x) = x* — 7 is a downward shift of ‚ 
(d) The graph of &(x) = F(x — 3) is a right shift by 


seven units of the graph of y = х“. 


Ё three units and a vertical “shrink” by a factor of i 
of the graph of y = х“. 

+ >x y 
-3 3 A 
64- 

s+ 

44 

34 

it 


2. (a) Because the degree is odd and the leading coefficient is positive, the graph falls to the left and rises to the right. 
(b) Because the degree is odd and the leading coefficient is negative, the graph rises to the left and falls to the right. 


3. To find the real zeros of f(x) = x? — 12x? + 36x, set f(x) equal to zero, and solve for x. 


3 2 2 
x'—12x^-36x 20 у То) 2 х3 12x? + 36x 
x(x? - 12x + 36) = 0 sl N 
2 40 turning point 
= = 4 
х(х- 6) -0 391 
х-0 20+ 
x-6=0>x=6 104 
(0, 0) 22 
So, the real zeros are x = 0 and х = 6. Because the function _2 46, 0)8 ii 
is a third-degree polynomial, the graph of fcan have at most -Ioff tuming рош 


3 — 1 = 2 turning points. In this case, the graph of fhas two 
turning points. 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Solutions to Checkpoints 469 


. l. Apply the Leading Coefficient Test. 5. 1. Apply the Leading Coefficient Test. 
Because the leading coefficient is positive and the Because the leading coefficient is negative and the 
degree is odd, you know that the graph eventually degree is even, you know that the graph eventually 
falls to the left and rises to the right. falls to the left and falls to the right. 
2. Find the Real Zeros of the Polynomial. 2. Find the Real Zeros of the Polynomial. 
By factoring f(x) = 2x3 — 6x? By factoring f(x) = -ix + ix m 2x? 
= 2x°(x — 3) = -4x (x? — 6x + 9) 


you can see that the real zeros of fare x = 0 2 


(even multiplicity) and x = 3 (odd multiplicity). 


So, the x-intercepts occur at (0, 0) and (3, 0) you can see that the real zeros of fare х = 0 
(even multiplicity) and x — 3 (even multiplicity). 


So, the x-intercepts occur at (0, 0) and (3, 0). 


-ix(x-3) 


3. Plota Few Additional Points. 


x -1 1 2 4 3. Plota Few Additional Points. 
f(x) | -8 |-4 | -8 | 32 x 23141214 
4. Draw the Graph. f(x) 4 1 1 4 


Draw a continuous curve through all of the points. 


Because x = 0 is of even multiplicity, you know 4. Draw the graph. 


that the graph touches the x-axis but does not cross it Draw a continuous curve through the points. As 
at (0, 0). Because x = 3 is of odd multiplicity, you indicated by the multiplicities of the zeros, the 

. graph touches but does not cross the x-axis at 
know that the graph should cross the x-axis at (3, 0). (0, 0) and (3, 0) 


=x -3x)-2. 


Because /(3) is negative and /(4) is positive, you can apply the Intermediate Value Theorem to conclude that the 
function has a real zero between x = Запі x = 4. To find this real zero more closely, divide the interval [3, 4] into 


tenths and evaluate the function at each point. 
x 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 
f(x) | -1039 | 0.048 | 1.267 | 2.624 | 4.125 | 5.776 | 7.583 | 9.552 | 11.689 


So, f must have a real zero between 3.1 and 3.2. 
To find a more accurate approximation, you can compute the function value between f(3.1) and (3.2) and apply 


the Intermediate Value Theorem again to verify that x = 3.196. 
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Checkpoints for Section 3.3 


1. To divide 9x? + 36x? — 49x — 196 by x + 4using long division, you can set up the operation as shown. 


9x? — 49 


x + 4)9х? + 36x? — 49x — 196 
9x3 + 36x? Multiply by: 9х (х + 4) 
—49x —196 Subtract. 
—49x – 196 Multiply by: —49(x + 4). 
0 Subtract. 


From this division, you can conclude that 
9x? + 36x? — 49x — 196 = (х + 4)(9x? — 49) 
= (x + 4)(3x + 7)(3x - 7). 


2. To divide x? — 2x? — 9 by x — 3 using long division, you can set up the operation as shown. Because there is no x-term in 


3 


the dividend, rewrite the dividend as x? — 2x? + 0x — 9 before you apply the Division Algorithm. 


x+x43 


x зро 2x7 + 0х -9 


хі — 3x? Multiply x? by x — 3. 
x? +0x-9 Subtract. 
x? – 3x Multiply x by x — 3. 
3x -9 Subtract. 
3x - 9 Multiply 3 by x - 3. 
0 Subtract. 
So, x — 3 divides evenly into x? — 2x? — 9, and you can write V Th =x +x+3, x #3. 


x-3 


Check the result by multiplying (x 4 3)(x° +x 4 3) =x — 3x? + x? – 3х + 3х – 9 
=x – 2x? – 9. 
3. To divide -x° + 9x + 6x* — x? — 3 by 1 + 3x using long division, begin by rewriting the dividend and divisor in 


descending powers of x. 


2x3 = x? +3 


Зх + 1Jéx* = x° — x? + 9x - 3 
бх! + 2x7 Multiply 2x? by 3x + 1. 
= 3x3 — x? + 9x - 3 Subtract. 
— 3x3 – x? Multiply —x? by 3x + 1. 
9x — 3 Subtract. 
9x +3 Multiply 3 by 3x + 1. 


—6 Subtract. 
4_ 43 _ 42 = 
So, you have олыс SE 2x3 — x? +3 р 1 
3x +1 3x +1 
Check the result by multiplying (3x + {= х2 +3 5 $ 3 = 6x4 — 3x3 + 9х + 2x7 -x° € 3-6 
x + 


3 


= 6х4 -x = х2 + 9x – 3 
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4. To divide 5x^ + 8x? — x + 6by x + 2 using synthetic division, you can set up the array as shown. 
-2 |5) s -1 6 


Then, use the synthetic division pattern by adding terms in columns and multiplying the results by —2. 


Divisor: Dividend: 5х3 + 832 x +6 
x+2 
ї 
-2 5 8 -1 6 


-10 4 -6 
ZA V AA 
5 um 8 


5-0 1-к-Кеташасг: 0 


\ 2 


Quotient: 5х2 — 2x + 3 


5х3 + 8x7 -x6 | 


So, you have, 5x? – 2х + 3. 
x+2 
5.() f1)  -1|4 10 -3 -8 (с) Л(%) 114 10 -3 -8 
-4 6 9 
4 6 -9 1 
Because the remainder is r = 1, f(-1) = 1. a : 2 
Because the remainder is г--3, /(1| = -8, 

Check: f(-1) = 4(-1) 41014) – 3(-1) – 8 70) = -* 

ESTE Е ОТУ ү 1 

= 4(-1) + 10(1) +3 - 8 Check: f(4) = 4(4) +10(1) -3(1)- 8 

=1 241 11.3 

48) +104) -$- 8 
(b f(4 4/4 10 -3 -8 0235.8 
= > + = – = – 
16 104 404 275 3 

4 26 101 396 Su 
Because the remainder is г = 396, f (4) = 396. d) f(-3)  -3|4 10 -3 -8 
Check: f(4) = 4(4) + 10(4)° — 3(4) – 8 PINE ШИ. 

= 4(64) + 10(16) - 12 – 8 4 c2 3 -17 

= 396 Because the remainder is ғ = -17, f(-3) = -17. 


Check: f(-3) = 4(-3) 410(-3) – 3(-3) - 8 
4(-27) + 10(9) + 9 - 8 
= -17 


ll 
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6. Algebraic Solution: 
Using synthetic division with the factor (x + 3), you obtain the following. 


] -3 -10 0 ә  Oremainder, so /(-3) = Oand (x + 3) is a factor. 


Because the resulting quadratic expression factors as x? — 3x — 10 = (x = 5)(x + 2), the complete factorization 

of f(x)is f(x) = x? — 19x – 30 = (x + 3(x — 5)(x + 2). 

Graphical Solution: 

From the graph of f(x) = x? — 19x - 30, you can see there are three x-intercepts. These occur at x = —3, x = —2, 


and x = 5.This implies that (x + 3), x + 2, and (x — 5) are factors of f(x). 


y f(x) = x?- 19x – 30 


\ 


F(x) = (х + 3)(х + 2)(x — 5) 


Checkpoints for Section 3.4 


1 f(x) = x* -1 = (x? + I(x? - 1) 
= (x? + I)(x + n(x - 1) 


х? +15 х= 


x+l>x= -l 
x-12xzl 


The fourth-degree polynomial function f (x) = xf — 1 has exactly four zeros, x = +i and x = +1 


2. f(x) = х? + 2x? + 6х - 4 
Possible rational zeros: +1, +2, and +4 


By testing these possible zeros, 


2 


(4) + 20-1) + 6(-1) - 4 = -9 
+ 2(1) + 6(l)-4 = 5 


25 
I 


2) + 2(-2)° + 6(-2) - 4 = -16 


гс 
N 
и 


2) «2(2) + 6(2) – 4 = 24 


2 


4) + 2(-4y + 6(-4) = -60 


f(4) = (4. + 2(4) + 6(4) - 4 = 116 


you can conclude that the polynomial f (x) = x? + 2x? + бх — 4 has no rational zeros. 
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3. Because the leading coefficient is 1, the possible rational zeros are the factors of the constant term. 
Possible rational zeros: +1, +5, +25, +125 


511 -15 75s. 93123 
5 —50 125 


1 -10 25 0 -—  Oremainder, so x = 5 1ѕа factor. 


511 -10 25 
5. -25 


1 —5 0 ә  Oremainder, so x = 5is a factor. 


By applying synthetic division successively, you can determine that x = 5 is the only rational zero. 
So, f(x) = x? — 15x? + 75x — 125 factors as f(x) = (x — 5)(х — 5)(х — 5) = (х— 5). 


Because the rational zero x = 5 has multiplicity of three, which is odd, the graph of f crosses the x-axis 
at the x-intercept, (5, 0). 


4. The leading coefficient is 2 and the constant term is 6. 


Factorsof6 _ +1,+2,4+3,+6 — +1, +2, +3, +6, +1, +2. 
Factors of 2 +1, +2 2 2 


Possible rational zeros: 


Choose a value of x and use synthetic division. 


x--3 


2 —5 2 0 ә  Oremainder, so x + 315 a factor. 
So, f(x) = 2x0 + x? — 13x + 6 factors as f(x) = (x + 3)(2x? = 5x + 2) = (x + 3)(2x - 1)(х — 2) and you can conclude 


that the rational zeros of fare x = –3, х = 5. апа х = 2. 
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5. The leading coefficient is —2 and the constant term is 18. 


Factorofl8 +1, +2, +3, +6, +9, +18 - +1, +2, +3, +6, +9, +18, +1, +2, +7 


Possible rational zeros: = 
Factors of —2 +1, 42 2. 2 2 


A graph can assist you to narrow the list to reasonable possibilities. 


f(x) = 2х3 – 5x? + 15x +18 


Start by testing x = —1. 


2 3 -18 


-2 -3 18 0 ә  Oremainder, so x + lis a factor. 
So, f(x) = -2x5 – 5x? + 15x + 18 factors as f(x) = (x + 1)(—2x? —3x+ 18) 


-2x)! -3x +18 = 0 


_ abt Vb? — Дас 


2a 
(-3) + 4у(-3) - 4(-2)(18) 
xu 
2(-2) 
п 3 + 153 
-4 
Qu ERUIT 
4 
-3 + A7) 
x= Я = —3.8423, 2.3423 
-x + 37) 
And you can conclude that the rational zeros of fare x = —land x = F = —3.8423, 2.3423. 


6. Because —7i is a zero, you know that the conjugate 77 must also be a zero. 
So, the four zeros аге 2, —2, 7i, and —7i. 
Then, using the Linear Factorization Theorem, f(x) can be written as 
f(x) = a(x — 2)(x + 2)(х — 7i)(x + 7i). 
For simplicity, let a = 1. Then multiply the factors with real coefficients to obtain (x + 2)(x - 2) = x? — 4and multiply the 
complex conjugates to obtain (x — 7i)(x + 7i) = x? + 49. 


So, you obtain the following fourth-degree polynomial function. 


f(x) = (x? - 4p + 49) = x* + 49x? — 4x? — 196 


Il 


x* + 45x? — 196 
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7. Because 2i is a zero, you know that the conjugate —2i must also be a zero. 
This means that both (x — 2i) and (x + 2i) are factors of f. 
(x = 2i)(x + 2i) = х2 — 47 = х? + 4. The other zeros are x = —2 and x = 1. 
f(x) = a(x + 2)(x - I(x? + 4) 

(x? + x - 2)(x? + 4) 


Il 
a 


= а(х* + x3 + 2x? + 4x – 8) 

Because /(-1) = 10 
10 = (7) + (=° + 2-1) + 4-1) - 8] 
10 = a(-10) 


-l=a 


So, f(x) = (-1)(x* +x + 2x? + 4x - 8) 
= -xf — L — 2x? – 4x +8 
8. Because complex zeros occur in conjugate pairs you know that if 4i 15 a zero of f, so 15 —4i. 
This means that both (x — 4i) and (x + 4i) are factors of f. 
(x - 4i)(x + 4i) = x? – 16? = x? + 16 


Using long division, you can divide x? + 16 into f(x) to obtain the following. 


3x — 12 

х? + 16)33° - 2x? + 48x — 32 
3x3 + 48x 

-2x -32 

-2х2 DXX 

0 


So, you have f(x) = (x? + 16)(3x — 2) and you can conclude that the real zeros of fare x = —4i, x = 4i, and x = 5, 
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9. f(x) = х“ + 8х2 – 9 
Because the leading coefficient is 1, the possible rational zeros are the factors of the constant term. 
Possible rational zeros: +1, +3, and +9 


Synthetic division produces the following. 


111 0 8 0 -9 
1 1 9 9 
119 9 0 =  lisazero,so x — lis a factor. 
-1 | 1 1 9 
-1 -9 
1 0 9 0 = -lisazero,so x + lisa factor. 


So, you have f(x) = x* + 8x? - 9 = (x - (x + yx? 4 9). 


You can factor x? + 9 as x? – (-9) = (x +. [-9)(x — [-9) = (x + 3i)(x — 3i). 
So, you have f(x) = (x — 1)(х + 1)(x  3i)(x — 3i) and you can conclude that the zeros of fare 


x-Lx-2-Lx-3iüiandx = 3i. 


10. Determine the possible numbers of positive and negative real zeros of f(x) = 23x + 5x) + x + 8. 


The original polynomial has zero variations in sign. 


f(x) = 278 + 522 + x 48 


The polynomial A x) - 2( xy + 5( x? + ( x) +8 = —2x° + 5x? — x + 8 has three variations in sign. 


— to + — to + 
t 4 1 y 
f(x) = -230 + 5x7 - x + 8 
T T 
+ to – 


So, from Descarte's Rule of Signs, the polynomial f (x) = 2x7 + 5x + x + 8 has either three negative real zeros or one 


negative real zero and no positive real zeros. 


From the graph, you can see that the function has only one negative real zero. 


Хх) = 2x3 + 5x? x +8 
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11. The possible real zeros are as follows. 
Factors of -3 _ +143 _ 4! | eres eee! 3 3 
Factors of 8 +14+2+4+8 8 


The original polynomial f(x) has three variations in sign. The polynomial 


f(-x) = 8(-xy - 4(-xy + 6(-x) - 3 = -8x - Ax! - 6x - 3 


has no variations in sign. So, you can apply Descartes's Rule of Signs to conclude that there are either three positive real zeros 
or one positive real zero, and no negative real zeros. 


Using x = 1, synthetic division produces the following. 


8 4 10 7 =  lisnotazero. 
So, x = lis not a zero, but because the last row has all positive entries, you know that x = 1 1 an upper bound for the real 


zeros. So, you can restrict the search to real zeros between 0 and 1. Using x = F synthetic division produces the following. 


1 
с | 8 -4 6 -3 
4 0 3 
8 0 6 0 o iis a real zero. 


f(x) = 8? – 4x? + 6x - 3 
1 2 
= |x — —|8x +6 
-39 
Because 8х2 + 6 has no real zeros, it follows that x = : is the only real zero. 


12. The volume of a pyramid is V = +Bh, where В is the area of the base and Л is the height. The area at the base 
is x^ and the height is x + 2. So, the volume of the pyramid is V = 15? (х + 2). Substituting 147 for the 
volume yields the following. 

147 = 4x? (x + 2) 
44] = х? + 2x? 
0 = х? + 2x? — 441 
The possible rational zeros are x = +1, +3, +7, £9, +21, +49, +63, +147, and +441. 


Use synthetic division to test some of the possible solutions. So, you can determine that x = 7 is a solution. 


711 2 0 -MI 
7 63 441 
1 9 63 0 


The other two solutions that satisfy x? + 9x + 63 = 0 are imaginary and can be discarded. You can conclude that 
the base of the candle mold should be 7 inches by 7 inches and the height should be 7 + 2 = 9 inches. 
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Checkpoints for Section 3.5 


225 
x m adi 
175 


1. 


Median sales price 
(in thousands of dollars) 
a 
© 


[4 
13 14 15 16 17 18 19 20 


Year (13 «< 2013) 


You can see from the graph that the model is a good fit for the data. You can see how well the model fits by comparing the 
actual values of y, with the values found using the model, denoted by y *. 


t 13 14 15 16 17 18 19 20 


y* | 179.4 | 185.4 | 191.0 | 196.7 | 202.6 | 208.7 | 214.9 | 221.4 


y 179.2 | 185.1 | 191.1 | 197.1 | 203.0 | 209.0 | 214.9 | 220.9 


(in trillions of dollars) 
фә: ра чыё 
ase 


Outstanding auto 


t 
12 13 14 15 16 17 18 19 
Year (12 & 2012) 


Let t = 12 represent 2012. Using the regression feature of a graphing utility, the equation of the least squares regression line is 


D = 0.081t — 0.21. The correlation coefficient for this model is r = 0.994, so the model is a good fit for the data. 


3. Verbal Model: Simple interest] = |r| | Amount of investment 
Labels: Simple interest = 7 (dollars) 
Amount of investment = P (dollars) 
Interest rate = r (percent in decimal form) 
Equation: I-rP 


To solve for r, substitute the given information into the equation J = rP,and then solve for r. 


I = ҮР Write direct variation model. 
187.50 = r(2500) Substitute 187.50 for t and 2500 for P. 
18150 =r Divide each side by 2500. 
2500 
0.075 = r Simplify. 


So, the mathematical modelis J = 0.075P. 
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4. Letting s be the distance (in feet) the object falls and 
letting ¢ be the time (in seconds) that the object falls, 


you have s = КГ. 
Because 5 = 144 feet when t = 3 seconds, you can see 
that K = EN as follows. 


s-KP Write direct variation model. 
144 = K(3) Substitute 144 for s and 3 for t. 
144 = 9K Simplify. 
EN = K Divide each side by 9. 
16 = K 


So, the equation relating distance to time is s = 16/2. 


To find the distance the object falls in 6 seconds, 
let t = 6. 


s = 161? Write direct variation model. 


s 16(6)? Substitute 6 for t. 
16(36) Simplify. 


s — 576 Simplify. 


5 


So, the object falls 576 feet in 6 seconds. 


5. Let p be the price and let x be the demand. Because x 
varies inversely as p, you have 


Now because x = 600 then р = 2.75 you have 


k ed vus 
хэ- Write inverse variation model. 


600 = ca Substitute 600 for x and 2.75 for p. 


2.75 
(600)(2.75) = k Multiply each side by 2.75. 
1650 = k. — Simplify. 


So, the equation relating price and demand is 


1650 
х=——. 
р 
When p - 3.25 the demand is 
x= 1650 Write inverse variation model. 
р 
20 Substitute 3.25 for p. 
3.25 


= 508 units. Simplify. 


So, the demand for the product is 508 units when the 
price of the product is $3.25. 
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. Let R be the resistance (in ohms), let L be the length 


(in inches), and let A be the cross-sectional area 
(in square inches). 


Because R varies directly as L and inversely as A, you 
have 


R=— 
A 


Now, because R = 64.9 ohms when 
L = 1000 feet = 12,000 inches and 


2 
A= d) = 1.2469 x 107^ square inches, 
you have 
k(12, 000) 
649 = — 5 - 
1.2469 x 107* 


6.7437 x 107 = k. 


So, the equation relating resistance, length, and the 


: z L 
cross-sectional area is R = 6.7437 x 1077 4 


To find the length of copper wire that will produce a 
resistance of 33.5 ohms, let R = 33.5 and 


2 
0.0201 
Az |2001) = 3.1731 x 10 * square inches, and 
solve for L. 
17; L 
R = (6.7437 x 107)— 
A 


L 


= TV) 
33.5 = (6.7437 x 10 I 5107) 
(33.5)(3.1731 x 107*) = (6.7437 х 1077), 


(33.5)(3.1731 х107*) _ 
(6.7437 x 1077) 


15,762.7 inches = L 


So, the length of the wire is approximately 15,762.7 
inches or about 1,314 feet. 
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7. E = kinetic energy, m = mass,and V = velocity. 
Because Е varies jointly with the object's mass, m and the square of the object’s velocity, V you have 
Е = kmV? 
For E = 6400 joules, m = 50 kg, and V = 16m/sec, you have 
E = тү? 
6400 = k(50)(16)* 
6400 = (12800) 
1 _ 
== й 
So, the equation relating kinetic energy, mass, and velocity is E = im V. 
When m = 70and V = 20, the kinetic energy is 
2 
Е = Іту? = 4(70)(20) = 2(70)(400) 
14,000 joules. 


ll 


Chapter 4 
Checkpoints for Section 4.1 


1. Because the denominator is zero when x = 1, the domain of fis all real numbers except x = 1. 


To determine the behavior of f, this excluded value, evaluate f(x) to the left and to the right of x = 1. 


x 01051039 | 0.99 | 0.999 | > 1 


f(x) | 0 | -3 | -27 | -297 | -2997 | 3 -> 


x 1< | 1.001 | 1.01 | 1.1 | 15 | 2 


f(x) | © — | 3003 | 303 | 33 19 | 6 


As x approaches 1 from the left, f(x) decreases without bound. 


As x approaches | from the right, f(x) increases without bound. 


2. For this rational function the degree of the numerator is equal to the degree of the denominator. The leading coefficient of 
the numerator is 5 and the leading coefficient of the denominator is 1, so the graph has the line y = ы = 5as a horizontal 


asymptote. To find any vertical asymptotes set the denominator equal to zero and solve the resulting equation for x. 


x-120 y 
1 
12+ 
(x + I(x - 1) = 0 nail 5x? 
] х?-1 
х+1= 0 ә х= -1 13) 1 
16+ 
x-120ox-21 | ы _–——--- j= = horizontal 
144 1 NS 
! i asymptote 
: . 24 | = 
The equation has two real solutions, 2111 | 2 ээ 
—— l 
x = land x = –1, so the graph has -4 -3 -2 (||ү, 2 3 4 
С vertical 77, i vertical 
the lines x = 1 and x = -1 as asymptote| ı Th asymptote 
x=-1 х=1 


vertical asymptotes. 
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3. For this rational function, the degree of the numerator is 5. (a) When x = 1000, 
equal to the degree of the denominator. The leading = 0.4(1000) + 8000 : 
coefficient of the numerator is 3 and the leading c= 1000 = $8.40 per unit. 
coefficient of the denominator is 1, so the graph of the 
| | 3 | Whenx = 8000, 
function has the line y = — = 3 asa horizontal =  0.4(8000) + 8000 . 
1 = = $1.40 per unit. 
asymptote. To find any vertical asymptotes, first factor 8000 
the numerator and denominator as follows. When x = 20,000, 
_ 3x2 + 7x -6 _ (3x - 2) (x3) C= en + 8000 = $0.80 per unit. 


f(x) 


х2 + 4х +3 (х + 1) (23) и 


When х = 100,000, 


3х - 2 
= ‚х *-3 = 0.4(100,000) + 8000 А 
РЕ С = ( ) — $0.48 per unit. 
100,000 
By setting the denominator x + 1 (of the simplified 04 
function) equal to zero, you can determine that the graph (b) The graph has the line C = — = 0.4asa 
has the line x = —1 as a vertical asymptote. 1 
horizontal asymptote. 
At x = 3 


So, as x approaches infinity, C approaches 0.4. 
3x -2 _ 3(-3) - 2 Ши! 


This means that as the number of units increases 


х +1 -3+1 2: without bound the average cost per unit approaches 
There is a hole at (-3, п) $0.40 per unit. 
С 
302 +х- 5 4 


4. f(x) 


_ 0.4х + 8000 
х 


х2-1 54 


(a) The denominator is never equal to zero. So, the 
domain of fis all real numbers. IT 


horizontal 
asymptote 


С=0.4 


(b) The denominator of f does not have any zeros. So, 
there are no vertical asymptotes. 


(c) Because the degrees of the numerator and "20000 40000 60,000 
denominator are the same, and the leading 
coefficient of the numerator is 3 and the leading 
coefficient of the denominator is 1, the horizontal 
asymptote of fis y = 3. 
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Checkpoints for Section 4.2 


1 3 + 2x 
1. f(x) = 2. g(x) = 
f( ) х +3 | 1+х 
y-intercept: (0, 1), because f(0) = 3 y-intercept: (0, 3), because g(0) = 3 
x-intercept: none, because 1 z 0 x-intercept: (-3, 0), because a) = 
Vertical asymptote: x = —3, zero of denominator 


Vertical asymptote: x = —1, zero of denominator 
Horizontal asymptote: y = 0, because degree of 


Horizontal asymptote: y = 2, because degree of 
N(x) <degree of D(x) 


N(x) = degree of D(x) 


Additional points: Additional Points: 


x 5 4 21-111 |2 x 1-3 1-21113 
1 T 1 1 1 
Р) 1-217511 i2 fads 


The domain of fis all real numbers except x = —3. 


3x 3x 


3. i= oe (їл 


y-intercept: (0, 0), because f(0) = 0 
)-0 


x-intercept: (0, 0), because /(0 


БЭ 


Vertical asymptotes: х = —2, x = 1, zeros of denominator 


Horizontal asymptote: y — 0,because degree of The domain of fis all real 


N(x) « degree of D(x) numbers except x = —2 
Additional points: and x = 1. 
? x |-3 | -1] 2] 3 i 
9 3 3 9 
x 
f ) 4 2 2 10 
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x!-4 и 3x7 +1 
4. Г) = е 5. f(x) = E 
б) - 2) First divide 3x? + | by x, either by long division: 


ЕЕЕ] эх 
x-2 х\3х2 + 0x +1 
= ‚х=—2 


х-3 ax? 
2 2 1 
y-intercept: (n j because f(0) = — 
3 3 2 
3x, +1 1 
So = 3х + — 
x-intercept: (2, 0), because f(2) = 0 x x 
Vertical asymptote: x = 3, zero of (simplified) or by separating, the numerator and simplifying: 
denominator 3041 3x? 1 1 
= + = = 3х + – 
Horizontal asymptote: у = 1, because degree of x x x x 
N(x) = degree of D(x) So, the start asymptote is y = 3x, since 
Additional points: 3x? +1 = By: l 
x x 
-7 | -5 | -l 1 4 5 : : : 
" y-intercept: none, since f (0) is undefined. 
9 7 3 3 
f(x) 10 8 4 2 2 2 x-intercept: none, since 3x? + 1 # 0 for real numbers. 
Vertical asymptote: x = 0, zero of denominator 
Start asymptote: y = 3x 
Additional points: 
| x | 21-41 5081(0311.1 2 
j 1-4 » xX 
34567 13 T 7 13 
1 | 4 4 сы 
fe) | 73 2 | 2 2 
Notice that there is a hole at x = —2 because the 
function is not defined when x = —2, the domain 
is all real number except x = —2 and x = 3. 


The domain of fis all real numbers except x = 0. 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


484 Solutions to Checkpoints 


6. Graphical Solution 


р in. 


2 in. 
X ————»9 


fi in. 


Let A be the area to be minimized. 
A = (x + Ay + 2) 


The printed area inside the margins is modeled by 


40 
40 = хуог y = —. 
x 
To find the minimum area, rewrite the equation for A in 
terms of just one variable by substituting 40 for y. 
x 


A=(x44(2 2) 


x 


(x + 0+2) 


x 


x + 4)(40 + 2x 

_ («#4404 29) 0 
x 

The graph of this rational function is shown below. 
Because x represents the width of the printed area, 
you need to consider only the portion of the graph for 
which x is positive. Using a graphing utility, you can 
approximate the minimum value of A to occur when 
x = 8.9 inches. The corresponding value of y is 
T a 4.5 inches. 
8.9 
So, the dimensions should be 8.9 + 4 = 129 inches 


by 4.5 + 2 = 6.5 inches. 


= (x + 4)(40 + 2x) 


200 x 


А. 


imi ur 
zH.3uu2?25 ""-B3.77 7 üBB * 


Numerical Solution 


р in. 


ie] 


fi in. 


Let A be the area to be minimized. 
A = (x + 4)(у +z) 


The printed area inside the margins is modeled by 


40 
40 = хуог у = —. 
x 


To find the minimum area, rewrite the equation for A in 


terms of just one variable by substituting кы for y. 
x 
А=(х+ 42 + 2) 
х 
юэ Zi 


_ (x + 4)(40 + 2x) мэ 


> 
x 


40 + 3 


x 


Use the table feature of a graphing utility to create a 
table of values for the function 
(x + 4)(40 + 2x) 


yp = —, x > 0 
x 


beginning at x = 6. From the table, you can see that the 
minimum value of y, occurs when x is somewhere 
between 8 and 9, as shown. 

To approximate the minimum value of y, to one decimal 


place, change the table so that it starts at x — 8 and 
increases by 0.1. The minimum value of y, occurs 


when x = 8.9 as shown. 


: . 40 : 
The corresponding value of y is 89 = 4.5 inches. 


So, the dimensions should be 8.9 + 4 = 12.9 inches 
by 4.5 + 2 = 6.5 inches. 


x Л x Л 

6 | 86.667 8.8 | 83.782 
7 | 84.857 8.9 | 83.778 
8 | 84 9.0 | 83.778 
9 | 83.778 9.1 | 83.782 
10 | 84 

11 | 84.545 
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Checkpoints for Section 4.3 


1. Because the squared term in the equation is x, you know that the axis is vertical, and the equation is of the form x? = 4 py. 


You can write the original equation in this form as follows. 
у = Іх? Write original equation. 


4y = x Multiply each side by 4. 


4(1)у = x? Write in standard form. 


So, p = 1. Because p is positive, the parabola opens upward. The focus of the parabola is (0, p) = (0, 1) 
and the directrix of the parabola is y = -p = -1. 


2. The axis of the parabola is vertical, with vertex (0, 0) and focus (0, 3), So, the standard form is x? = 4py. 


Because the focus is p = Š units from the vertex, the equation is as follows. 


-4-3-2-1,[N1 2 3 4 
—1+ Vertex (0, 0) 


3. The foci occur at (0, —3) and (0, 3). So, the center of the ellipse is (0, 0), the major axis is vertical, and the ellipse has the 
equation of the form 


The length of the major axis is 2a = 10. This implies that a = 5. Moreover, the distance from the center to either focus is 
с = 3. 


Finally, b? = a? — c? = (5? - (3) = 25-9 = 16. 


Substituting a? = 3° and b? = 4? yields the following equation in standard form. 


yog 
52 
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4. Algebraic Solution Graphical Solution 

x? + 9y? = 81 Write original equation. Solve the equation of the ellipse for y. 
? А 222 | х? + 9у? = 81 

T gk 22 = — Divide each side by 81. 

81 81 81 9y? 281- x? 
ху ird 
— +— -=l Simplify. Fe A 
819 pity y 5 
Soy 
-5-Ж 2501 Write in standard form. 81-x? 

9? 32 уз + i 

Because the denominator of the x? -term is larger than E 5 

the denominator of the y? -term, you can conclude that у= SUN 


the major axis is horizontal. Moreover, because 
1 

а? = 9? у = + N81 х 

the endpoints of the major axis lie nine units to the left 

and to the right of center (0, 0). So, the vertices of the 


1 
ellipse are y= 3M - x? and y, = 


Then graph both equations, 


A 81- x? 


D 
3 


(9, 0) and (—9, 0). in the same viewing window. Be sure to use 
a square setting. 


Similarly, because the denominator of the y?-term is 
b? = 3 the endpoints of the minor axis (or co-vertices) DEERE TEE 


lie three units up and down from the center (0, 0). 


So, the endpoints аге (0, 3) and (0, —3) 


The ellipse is shown below. 
y The center of the ellipse is (0, 0) and the major 


axis is horizontal. The vertices are (9, 0) and 


(-9, 0). 


5. You can determine that с = 6, because the foci are at (0, +6). Also, a = 3, 


because the vertices are at (0, +3). 


b? = с? – а? 


= 6° – 3? 

= 36-9 

= 27 
Because the transverse axis is vertical, the standard form of the equation is 
py xx 
a b 


2 
Substitute а? = 3^ and b? = 27 = (3V3) to obtain the equation as follows. 


E = > = 1 Write in standard form. 
3 (зл) 

yox 

9 27 p 
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6. Algebraic Solution 


2x? - or =2 Write original equation. 
2 2 

Л = T 21 Simplify 

Soy 

dS 55 =1 Write in standard form. 


Because the x? -term is positive, you can conclude that 
the transverse axis is horizontal. Also since the center is 
(0, 0) and a = 1, the vertices occur at (1, 0) and 


(-1, 0). Because b = 2, the endpoints of the conjugate 
axis occur at (0, 2) and (0, –2), and you can sketch the 


rectangle 2a wide by 2b tall or 2 units by 4 units, as 
shown. Finally, by drawing the asymptotes through the 
corners of this rectangle, you can complete the sketch, as 
shown. Note that the asymptotes are y = k + ^(x — h), 


ог y = 2xand y = -2x. 


Solutions to Checkpoints 487 


Graphical Solution 
Solve the equation of the hyperbola for y as follows. 


2 
20 — 2 = 2 
2 
2-2 =] 
4x? -y = 
4x? — 4 = у? 


4 
у 
+4 4х2 - 4 = у 
+ 


Then use a graphing utility to graph y; = V4x? — 4 
and y; = -V 4x? — 4 in the same viewing window. Be 


sure to use a square setting. 


yi = VA? -4 


From the graph, you can see that the transverse axis is 
horizontal and the vertices are (—1, 0) and (1, 0). 


ЭР : 5 
. Because the transverse axis is horizontal, the asymptotes are of the forms y = Lm and y = ——x. 
a a 


Using the fact that the asymptotes are y = 4x and y = —4x, you can determine that 2E = 4, 


a 


Because a = 1, you can determine that b = 4. Finally, you can conclude that the hyperbola has the following equation. 


Write in standard form. 


83-21 Simplify. 


= 
| 
| 
Il 
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Checkpoints for Section 4.4 


(ce (2-2) 
+ 
3? 5 
whose center is the point (—1, 2). The major axis of 


1. (a) The graph of 


— lisan ellipse 


the ellipse is vertical and of length 2(5) — 10, and 


the minor axis of ellipse is horizontal and of length 
2(3) = 6. The graph has been shifted one unit to the 


left and two units up from standard position. 


3 y y — 2% 1 2 
: Q= (х+1) 
pu = Ф = -= 


1 


25 * 9 


(b) The graph of (x + їр + (у= її = 22 is a circle 
whose center is the point (—1, 1) and whose radius is 


2. The graph of the circle has been shifted one unit 
to the left and one unit up from the standard 
position. 


‚—^— (х+1)?+(у-1)?=2? 


2. Complete the square to write the equation in standard form. 


у? = бу + 4х + 17 = 0 
у? = бу = -Ax - 17 
y? = бу +9 = 4х – 17 + 9 
(у = 3)? = –4х – 8 


(v - 3) = 4-1 + 2) 


From this standard form, it follows that Л = —2, k = 3, and p = -1. 


Because the axis is horizontal and p is negative, the parabola opens to the left. 


Isolate y-terms on one side of the equaton. А 


Complete the square. 
Write in completed square form. 


Write in standard form. 


(c) The graph of (x + 4) = 4(2)(у – 3) is a parabola 
whose vertex is the point (—4, 3). The axis of the 
parabola is vertical. Because p = 2, the focus 
lies two units above the vertex as (—4, 5) and 


the directrix is the horizontal line 

у= k — p = 3 – 2 = 1. Тһе graph ofthe 
parabola has been shifted four units to the left and 
three units up from standard position. 


(x + 4)2 = 4(2)(у - 3) |167 


Focus 8+ 
(74.5) 64 
е 


у= 1 


Vertex (—4, 3) 2+ Directrix 
Sa и ишин p> х 
-10-8 -6 -4 -2 2 4 
2 2 
(2-3) 0-1 


(d) The graph of = lisa 


2° Р 
hyperbola whose center is the point (3, 1). The 


transverse axis is horizontal and of length 
2(2) = 4, and the conjugate axis is vertical and of 


length 2(1) = 2. The graph has been shifted three 


units to the right and one unit up from standard 
position. 


Write original equation. 


The vertex is (л, k) = (—2, 3), the focus is (л + p, k) = (—3, 3), and the directrix is x = h — p = -1. 
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3. Because the directrix is y = 0, which is a horizontal line, the axis is vertical. 
The standard form is (x — hy = 4p(y – k). 


Because the vertex lies one unit above the directrix, it follows that p — 1. 


So, the standard form of the parabola is as follows. 


(x - лу = 4р(у - k) 
[x -(—1)] = 400 - D 
(x +1) = 4(y -1) 


4. Complete the square to write the equation in standard form. 


9x? + 4y? — 36x + 24у + 36 = 0 Write original equation. 
(9x? — 36x + | + (4y? + 24y + ) = –36 Group terms. 
9(x? — 4x + ) + a(y? + бу + ) = –36 Factor 9 out of x-terms and factor 4 out of y-terms. 


9(x? — 4x + 4) + 4(y? + бу + 9) = —36 + 9(4) + 4(9) Complete the square. 


9(x — 2). + 4(у + зу = 36 Write in completed square form. 
2 2 
-2 +3 
(x 5 ) ES (Y : ) =1 Divide each side by 36. 
2 
-2 2 
(x 22 ) + Q 2 2 шин 1 Write in standard form. 


So, the center is (h, k) = (2, —3). Because the denominator of the y-term is a? = 3°, the endpoints of the major axis 


lie three units above and below the center at (2, 0) and (2, —6). Because the denominator of the x-term is Б? = 2? 


? 


the endpoints of the minor axis lie two units left and right of the center at (0, —3) and (4, –3). 


| Q.—6 


5. The center of the ellipse lies at the midpoint of its vertices. So, the center is 


@ k) = oe 2 = (3,5). 


2 2 


Because the vertices lie on a vertical line and are 10 units apart, it follows that the major axis is vertical and 
has a length of 2a = 10. So, a = 5. Moreover, because the minor axis has a length of 6 it follows that 
2b = 6, which implies that b = 3. 


So, the standard form of the ellipse is as follows. 


— h 2 — К 2 
e p ) F 0 7 ) = 1 Major axis is vertical. 
a 
2 2 
= -5 
e = ES 0 52 ) = 1 Write in standard form. 
-3 2 = 2 
в 9 ) + 0 25 =] Simplify. 
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6. Complete the square to write the equation in standard form. 


9x? — y? – 18x -6y -9 = 0 Write original equation. 


(9x? = 18x + ) - (> — бу + | -9 Group terms. 


=9 Factor 9 out of x-terms. 


9(x? – 2x + ) - (2 + 6y + 


ll 


9(x? —2x+ 1) - (у^ + бу + 9) 9 + 9(1) — 9 Complete the squares. 
2 


9(x – р -(vy +3) =9 Write in completed square form. 
2 
3 
(x 1) o 5 E 1 Divide each side by 9. 
_ 1? 2 
i 2 0 = a 1 Write in standard form. 


From this standard form, you can see that the transverse axis is horizontal and the center lies at (A, k) = (1, -3) 


Because the denominator of the x-term is а? = 1, you know that the vertices occur one unit to the left and right 
of the center at (0, —3) and (2, —3). 


To sketch the hyperbola, draw a rectangle whose sides pass through the vertices. Because the denominator of the 
y-term is b? = 3?, locate the top and bottom of the rectangle 3 units up and down from the center. Finally, sketch 


the asymptotes by drawing lines through the opposite corners of the rectangle. Using these asymptotes, you can 
complete the graph of the hyperbola. 


y 


7. The center of the hyperbola lies at the midpoint of its vertices. So, the center is 


(nay = [22521207 


2 2 
= (4-1). 


Because the vertices lie on a horizontal line and are two units apart, it follows that the transverse axis 
is horizontal and has a length of 2a = 2.80, a = 1. Because the foci are three units from center, 


it follows that с = 3. So, b? 2c - а? = 3? -P =9-1=8. 


Because the transverse axis is horizontal, the standard form of the equation is 
кл (о 
а? p? 
2 2 
g-4 иеа) 
P (2/2) 


(x — 4) Oey 


= 1 Standard form, horizontal transverse axis. 


= 1 Write in standard form. 


Simplify. 
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Chapter 5 
Checkpoints for Section 5.1 


1. Function Value 4. (а) 822^! Write original equation. 
ЛА) ee? sores вер 
Graphing Calculator Keystrokes ас цайгаа ас 
4 = 2x 
8 = 2 |)| [Ent 
AdO )| Enter 2=x Solve for x. 
Display I . нм . 
0.052824803759 (b) (4) = 27 Write original equation. 
p PR 1\* _ ax 
2. The table lists some values for each function, and the 3" = 27 (3) =3 
graph shows a sketch of the two functions. Note that 35 = 33 27 = 33 
both graphs are increasing and the graph of g(x) = 9" is х=3 One-to-One Property 


increasing more rapidly than the graph of f! (x) = 37, 


5. (a) Because g(x) 246 ш f(x — 2), the graph of g 


can be obtained by shifting the graph of f two units 
to the right. 


x -3 2 |-1/0/ 142 


AE ME SEXPSESE) 


> waar 
us 


x —=— "- l 57 ў 
951 9 | яг | 91119 (81 1 


y g(x) = 9* 


(b) Because h(x) = 4° + 3 = f(x) + 3 the graph of A 
can be obtained by shifting the graph of fup three 
units. 

3. The table lists some values for each function and, the d 
graph shows a sketch for each function. Note that both НЭВТЭРЧ! 
graphs are decreasing and the graph of g(x) = 9" is 
decreasing more rapidly than the graph of f! (x) = 3% \ 
Дх) = 4х 
х -2 |-1|0|1 |2 3 
1 i i -3--2--1 012 53 
T цан 118 | өс | 32 (c) Because k(x) = 4? —3 = f(-x) — 3, the graph 
3" g(x) | 9 3 |1 |1 1 of К can be obtained by reflecting the graph of f'in 
цай: 1 the y-axis and shifting the graph of f down three 
units. 
[GG = 971] y ) 


E d 


754 


50+ 


F(x) 237* 
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6. Function Value Graphing Calculator Keystrokes Display 
(a) /(0.3) = ед? e*| 0.3 [Enter 1.3498588 
(b f(-1.2) = е? e*| C12 [Enter 0.3011942 
(c) f(6,2) = ед e*| 6.2 [Enter 492.7490411 


7. To sketch the graph of f(x) = 560175, use a graphing utility to construct 


a table of values. After constructing the table, plot the points and draw a 
smooth curve. 


x -3 -2 -1 0 1 2 3 


f(x) | 3.002 | 3.559 | 4218 | 5.000 | 5.927 | 7.025 | 8.326 


8. (a) For quarterly compounding, you have n = 4. So, in 7 years at 4%, the balance is as follows. 


nt 
А = a + z) Formula for compound interest. 
n 
4(7) 
= sooo + a Substitute P, r, n, and t. 
= $7927.75 Use a calculator. 
(b) For monthly compounding, you have n = 12. So in 7 years at 4%, the balance is as follows. 
nt 
A= ңі + z) Formula for compound interest. 
n 
12(7) 
= өю + sw) Substitute P, r, n, and t. 
= $7935.08 Use a calculator. 
(c) For continuous compounding, the balance is as follows. 
A = Pe" Formula for continuous compounding. 
= 600022947 Substitute Р, r, and г. 
= $7938.78 Use a calculator. 


9. Use the model for the amount of Plutonium that remains from an initial amount of 10 pounds after / years, 
where t = 0 represents the year 1986. 
1124100 


=) 


To find the amount that remains in the year 2089, let t = 103. 


| 24400 . = 
P= 10(1) Write original model. 
| )103/24,100 А 
Р = 10(4) Substitute 103 for ¢. 
Р = 9.970 Use a calculator. 


In the year 2089, 9.970 pounds of plutonium will remain. 
To find the amount that remains after 125,000 years, let г = 125,000. 


1)1/24,100 . - 
P= 1o(1) Write original model. 

| )!25,000/24,100 . 
P= 10(2) Substitute 125,000 for t. 
Р = 0.275 Use a calculator. 


After 125,000 years 0.275 pound of plutonium will remain. 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Solutions to Checkpoints 493 


Checkpoints for Section 5.2 


1. (a) /(1) = log; 1 = 0 because 6° = 1. 


(5) no - log; ds = -3 because 5? = a 


(c) /(343) = log, 343 = 3 because 7° = 343. 


2. Function Value Graphing Calculator Keystrokes Display 
(a) f(275) = log 275 LOG| 275 |ENTER 2.4393327 
(b) f(-4) = log -i LOG] [0] |(-)| d 1 [+] 2 D| D| [ENTER ERROR 
(c) /(1) = logl LOG] (114210) [ENTER — 0.3010300 


3. (a) Using Property 2, log, 9 = 1. 


(b) Using Property 3, 20759 = 3, 
(c) Using Property 1, log 1 = 0. 
(d) Use the One-to-One Property. 
log(x — 5) = log20 
х- 5 = 20 
x = 25 


4. (a) For f (x) = 8”, construct a table of values. Then plot the points and draw a smooth curve. 


x -2 |-1 /0]1 42 


f= uo m es 


(b) Because g(x) = logs x is the inverse function of f(x) = 8", 


the graph of g is obtained by plotting the points ( f (x), x) and 
f(x) = 8* 


connecting them with a smooth curve. The graph of g is a 
reflection of the graph of fin the line y = x. 


g(x) = log 8х 


1 
AE |1|8 |64 


g(x) = logs * | -2 | -1 fo |1 |2 
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5. Begin by constructing a table of values. Note that some of the values can be obtained without a calculator by using the 
properties of logarithms. Then plot the points and draw a smooth curve. 


x 4 |4 |1 |3 |9 


f(x) 2lg;x | -2 | -1 | 0 |1 2 


The vertical asymptote is x = 0, the y-axis. 


y 


. (a) Because g(x) = –1 + log;x = f(x) – 1, the graph 


of g can be obtained by shifting the graph of fone 
unit down. 


y 
А 


. Function Value 


Graphing Calculator Keystrokes 


(b) Because h(x) = log; (x + 3) = f(x + 3), the 


graph of / can be obtained by shifting the graph 
of fthree units to the left. 


Display 

—4.6051702 

1.3862944 
ENTER 1.3169579 
ENTER ERROR 


/(0.01) = In 0.01 LN] 0.01 [ENTER 

f(4) = №4 LN] 4 [ENTER 

(V3 + 2) = n(V3 + 2) LN] (KS 13 

f(V3 - 2) = (3 - 2) EN] (d [qd 13 
.(a) In e? = i Inverse Property 


(b) 5In1 = 5(0) = 0 Property 1 
(c) im e= 30) = i Property 2 


(d e""27 Inverse Property 


9. Because In(x + 3) is defined only when x 3 > 0, 


it follows that the domain of fis (—3, =). The graph of f 


is shown. 
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10. (a) After 1 month, the average score was the following. 


f(1) = 75-6 (1 + 1) 
-75-61n2 Simplify. 
= 75 — 6(0.6931) 
= 70.84 Solution 


Substitute 1 for t. 


Use a calculator. 


(b) After 9 months, the average score was the following. 


f(9) = 75 - 6 In(9 + 1) 


= 75 — 61n10 Simplify. 
= 75 — 6(2.3026) 
= 61.18 Solution 


Substitute 9 for t. 


Use a calculator. 


(c) After 12 months, the average score was the following. 


702) 


u 


u 


75 — 6 In(12 + 1) 


75 — 6 In 13 Simplify. 
75 — 6(2.5649) 
59.61 Solution 


Checkpoints for Section 5.3 


1. log, 12 = 19812 log, x = 
log 2 
_ 1.07918 
~ 0.30103 
= 3.5850 Simplify. 


3. (a) log 75 = log(3.25) 
= log 3 + log 25 
= log 3 + log 5? 
= log 3 + 21og 5 


4. In ef - Ine? 


6 Ine - 2ln e 


6(1) - 2(1) 


= log; 4x? - log; yl? 


= log; 4 + log,x? - log, y? 


1 
= log; 4 + 2 log; x — 2/085 y 


log x 


Rewrite 75 as 3 - 25. 


Substitute 9 for t. 


Use a calculator. 


2. log; 12 


loga 


Use a calculator. х 


u 


Product Property = log 3? – log 5? 


Rewrite 25 as 5?. 


Power Property 


Rewrite using rational exponent. 


Quotient Property 
Product Property 


Power Property 


(b) log 425 = log 9 — log 125 


2log 3 - 3log 5 


Solutions to Checkpoints 495 


In x 
log, x = — 
In a 


Use a calculator. 


Simplify. 


Quotient Property 


Rewrite 9 as 3? and 125 ав 5°. 
Power Property 
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6. 2[log(x + 3) - 2 log(x – 2)] - 2| log(x + 3) – log(x - 2j | Power Property 


- 3) Quotient Property 
x-2 
2 
= log ELA Power Property 
(x - 2) 

(x3) -— 
= log i Simplify. 

(x - 2) 


7. To solve this problem, take the natural logarithm of each of the x- and y-values of the ordered pairs. 
(In x, In y): (0.994, —0.673), (0.000, 0.000), (1.001, 0.668), (2.000, 1.332), (3.000, 2.000) 


In y 
A 
44+ 


+_@—++ 4 + +> Inx 
4 


By plotting the ordered pairs, you can see that all five points appear to lie in a line. Choose any two points 
to determine the slope of the line. Using the points (0, 0) and (1.001, 0.668), the slope of the line is 


By the point-slope form, the equation of the line is y = E where y = In y and x = In x. So, the 


logarithmic equation is In y = Zin x. 


Checkpoints for Section 5.4 


1. Original Equation Rewritten Equation Solution Property 
(а) 2* = 512 DF x? x=9 One-to-One 
(b) log, x = 3 656 = 63 x = 216 Inverse 
(с) 5-6 =0 In5 = Ine* ш5=х Inverse 

5 = е" 
(d 9-4 3* 231 2x 2 -1 One-to-One 
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2 е?* = or -8 


2x 2 x? - 8 
02x-2x-8 
0 = (x - A (x + 2) 


х-4= 05 х= 4 


Write original equation. 
One-to-One Property 
Write in general form. 
Factor. 


Set Ist factor equal to 0. 


x+2=0>x=-2 Set 2nd factor equal to 0. 
The solutions are x = 4and x = -2 
Check x = —2: x=4: 
e 

ek 2 ах -8 e = её -8 

20-2) | „(—2)7-в 87 16-8 
e -e e =e 

e^ Е еб = её у 


5* = 16 
log; 5* = log; 16 
= log; 16 


x = PIS 21723 
h5 


= 
| 


The solution is x = log; 


Check x = log; 16: 
2(5*) =32 
| х= 9] 232 


? 
2(16) = 32 
32232 Y 


(b) e —7 = 23 
e* = 30 
In e* = In 30 
x = In30 = 3.401 


Check x = In 30: 


% 
х 
| 
M 
ll 


23 


Write original equation. 


Divide each side by 2. 
Take log(base 5) of each side. 


Inverse Property 


Change of base formula 


16 = 1.723. 


Write original equation. 
Add 7 to each side. 


Take natural log of each side. 


Inverse Property 


Solutions to Checkpoints 


497 
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4. e(2'*5) -4-22 Write original equation. 
6(2'*5) = 18 Subtract 4 from each side. 
22:58 Divide each side by 6. 
log, 2? = log, 3 Take log (base 2) of each side. 
t+5 = log, 3 Inverse Property 
t = log, 3-5 Subtract 5 from each side. 
In 3 
foes Change-of-base formula 
In 2 
t = —3.415 Simplify. 


The solution is £ = —3.415. 


5. Algebraic Solution 
е?* —7e& + 12 = 0 Write original equation. 
(ey -7e +12 = 0 Write in quadratic form. 
(e - 3e - 4) =0 Factor. 


e-3=0>e = 3 Set Ist factor equal to 0. 
x-]1n3 Solution 
e-4=0>5>e =4 Set 2nd factor equal to 0. 


x =In4 Solution 


The solutions are x = In 3 = 1.099 and x = In 4 = 1.386. 


Check x = In3: x = In 4: 
2x z _ 2(Im4) | (In 4) нэ 
e* – 7е* +12 = 0 e Te +12=0 
erm) _ тею) 112 = 0 g^? топі +1250 
(2) is ? 5 2 
e = 7e"? +12 = 0 4 – 7(4) +12 = 0 


32 — 7(3) +12 = 0 ed 


0=0V 
Graphical Solution 
Use a graphing utility to graph y = e?* — 7e* + 12 and then find the zeros. 


2х 
y=e*—Te* + 12 


2 


Zeros occur 
at x = 1.099 
and x = 1.386. 


-1 3 


-1 


So, you can conclude that the solutions are x = 1.099 and x = 1.386. 
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2 
6. lnx = = 
(a) 3 
eh* E e? 
x = ef 
(b) log; (2x — 3) = 
2х-3 = 


x= 


(с) log 4x — log(12 


Solutions to Checkpoints 


Write original equation. 


Exponentiate each side. 


Inverse Property 


log, (x + 4) Write original equation. 


x+4 One-to-One Property 
7 Solution 
+ x) = log 2 Write Original equation. 


lod as | = log 2 Quotient Property of Logarithms 
12+x 
4x 
=2 One-to-One Property 
12+x 


7. Algebraic Solution 


74+3Inx = 5 
3ln x = -2 

f muet 

3 

етх E 

x = е2 

x = 0.513 


Graphical Solution 


»=5 


y1=7+3 lnx 


4x = 2(12 + x) Multiply each side by (12 + х). 
4x = 24 + 2x Distribute. 
2x = 24 Subtract 2x from each side. 


x.-12 Solution 


Write original equation. 


Subtract 7 from each side. 
Divide each side by 3. 


Exponentiate each side. 
Inverse Property 


Use a calculator. 


Use a graphing utility to graph у = 7 + 3ln x and y, = 5. Then find the intersection point. 


The point of intersection is about (0.513, 5). So, the solution is x = 0.513. 


499 
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8. 3 log, бх = 9 Write original equation. 
log, 6x = 3 Divide each side by 3. 
41984 6х = 43 Exponentiate each side (base 4). 
6x = 64 Inverse Property 
x= Е Divide each side by 6 and simplify. 
Check x = БТ 
3 log, 6x =9 


3 log, 6(32) Ч 9 


? 
3 log,64 29 
? 
3log, 4 =9 
? 
3.329 
9=9 у 
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9. Algebraic Solution 
log x + log(x - 9) = 1 Write original equation. 
log| x(x - 9)] =1 Product Property of Logarithms 
1ol-9)] = 19! Exponentiate each side (base 10). 
x(x- 9) = 10 Inverse Property 
x? – 9x -10 = 0 Write in general form. 
(x — 10)(x + 1) = 0 Factor. 


х-10= 0 = х = 10 Set 1st factor equal to 0. 
x+1=0>x=-1 Set 2nd factor equal to 0. 


Check x = 10: 
log x + log(x -9) = 1 


log(10) + log(10 -9) = 1 


log 10 + log1 = 1 


logx + log(x - 9) =1 


log(-1) + log(-1- 9) = 1 


log(-1) + log(-10) = 1 

—land —10 are not in the domain of log x. So, it does not check. 

The solutions appear to be x = 10 and x = —1. But when you check these in the original equation, 
you can see that x — 10 is the only solution. 


Graphical Solution 


y=logx+log (х—9)—1 


First, rewrite the original solution as 


log x + log(x - 9) – 1 = 0. 


Then use a graphing utility to graph the 
equation y = log x + log(x - 9) - 1 


and find the zeros. 


10. Using the formula for continuous compounding, the balance is 
А = Ре" 
А = 50060085, 


To find the time required for the balance to double, let A = 1000 and solve the resulting equation for t 


50060:525/ = 1000 Let A = 1000. 
gent = 2 Divide each side by 500. 
In e° 5" = In 2 Take natural log of each side. 
0.0525t = In 2 Inverse Property 
t= мэ Divide each side by 0.0525. 
0.0525 
t 13.20 Use a calculator. 


The balance in the account will double after approximately 13.20 years. 


Because the interest rate is lower than the interest rate in Example 2, it will take more time for the account balance to double. 
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Chapter 6 
Checkpoints for Section 6.1 


1. | х- у=0 Equation 1 
n - 33у = 6 Equation 2 
Begin by solving for y in Equation 1. 
х- у= 0 
y=x 
Next substitute this expression for y into Equation 2 and solve the resulting single-variable equation for x. 
5x -3y = 6 Write Equation 2. 
5x — 3(х) = 6 Substitute x for y. 
2х = 6 Collect like terms. 
х= 3 Divide each side by 2. 


Finally, solve for y by back-substituting x — 3into equation y — x, to obtain the corresponding value for y. 
у=х Write revised Equation 1. 

у= 3 Substitute 3 for x. 

The solution is the ordered pair (3, 3). 


Check 
Substitute (3, 3) into Equation 1: 


x-y=0 Write Equation 1. 
3-3 2 0 Substitute for x and y 
0=0 Solution checks in Equation 1. 


Substitute (3, 3) into Equation 2: 


5x — 3y =6 Write Equation 2. 
2 
5(3) — 3(3) = 6 Substitute for x and y. 
? 
15-926 
6-6 Solution checks in Equation 2. 


Because (3, 3) satisfies both equations in the system, it is a solution of the system of equations. 
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2. Verbal Model: |Amount in 6.5% fund| + | Amount in 8.5% fund| = [Total investment 


Interest for 6.5% fund] + [Interest for 8.5% fund| = |Total interest 


Labels: Amount in 6.5% fund = x (dollars) 

Interest for 6.5% fund = 0.065x (dollars) 

Amount in 8.5% fund = y (dollars) 

Interest for 8.5% fund = 0.085y (dollars) 

Total investment = 25,000 (dollars) 

Total interest = 2600 (dollars) 
Sisi | x + y = 25,000 Pod 1 
0.065x + 0.085y = 2000 Equation 2 


To begin, it is convenient to multiply each side of Equation 2 by 1000. This eliminates the need to work with decimals. 


1000(.065x + 0.085y) = 1000(2000) Multiply each side of Equation 2 by 1000. 

65x + 85y = 2,000,000 Revised Equation 2 
To solve this system, you can solve for x in Equation 1. 
x = 25,000 - y Revised Equation 1 
Then, substitute this expression for x into revised Equation 2 and solve the resulting equation for y. 

65x + 85y = 2,000,000 Write revised Equation 2. 
65(25,000 — y) + 85y = 2,000,000 Substitute 1 25000 — y for x. 
1,625,000 — 65y + 85y = 2,000,000 Distributive Property 
20y = 375,000 Combine like terms. 
y = 18,750 Divide each side by 20. 

Next, back-substitute y — 18,750 to solve for x. 
x = 25000 – y Write revised Equation 1. 
x = 25000 — (18750) Substitute 18750 for y. 
x = 6250 Subtract. 


The solution is (6250, 18,750). So, $6250 is invested at 6.5% and $18,750 is invested at 8.5%. 


3. -2x+y=5 Equation 1 
х2 - у+ 3х = 1 Equation 2 


Begin by solving for y in Equation 1 to obtain y = 2x + 5. Next, substitute this expression for y into Equation 2 and solve for x. 


х2 - y+3x=1 Write Equation 2. 
х? — (2x + 5) + 3x = 1 Substitute 2x + 5 for y into Equation 2. 
x? – 25-5 + 3х = 1 Simplify. 
х2-х-6-0 Write in standard form. 
(x + 3)(х – 2) = 0 Factor. 
x+3=0>x=-3 Solve for x. 


1 
N 


x-2202x 
Back-substituting these values of x to solve for the corresponding values of y produces the following solutions. 
y=2x+5 
у = A-3)+5=-1 
y = 202) +5 = 9 


So, the solutions of the system аге (—3, —1) and (2, 9). 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


504 Solutions to Checkpoints 


4. 2x- у= -3 Equation 1 
2x? + 4х - y? = 0 Equation 2 
Begin by solving for y in Equation 1 to obtain y = 2x + 3.Next, substitute this expression for y into Equation 2 and solve 


for x. 
2 


2x? + 4х - y Write Equation 2. 


1 
о © о о о 


2x! + Ax - (2x + зу Substitute 2x + 3 for y into Equation 2. 


2x? + 4x — (4x? + 12x + 9) Simplify. 


—2x? -8x-9- Combine like terms. 


2x + 8х +9 = Write in standard form 


x= Use the Quadratic Formula. 
-8 +./-8 
x = № Simplify. 


Because the discriminant is negative, the equation 2x? + 8x + 9 = 0 has no (real) solution. So, the original system of 
equations has no (real) solution. 


5. Y [y=2x+1 


N 


There is only one point of intersection of the graphs of the two equations, and (1, 3) is the solution point. 
Check (1, 3) in Equation 1: 


y =3-logx Write Equation 1. 
3 Ё 3 — log 1 Substitute for x and y. 
323-0 
3-3 Solution checks in Equation 1. 
Check (1, 3) in Equation 2: 
—2х + y =1 Write Equation 2. 
—2(1) + 3 21 Substitute for х and y. 
-24321 
1-1 Solution checks in Equation 2. 
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6. Algebraic Solution 


The total cost of producing x units is 


Totalcost| = |Cost per unit| - |Number of units| + |Initial cost 


C = 12x + 300,000. Equation 1 
The revenue obtained by selling x units is 
Total revenue? = |Price per unit| - |Number of units 
R = 70x. Equation 2 


Because the break-even point occurs when R = C, you have С = 70x, and the system of equations to solve 18 


C = 12x + 300,000 
C = 70x : 


Solve by substitution. 


70x = 12x + 300,000 Substitute 70x for C in Equation 1. 
58x = 300,000 Subtract 12x from each side. 
x = 5172 Divide each side by 58 


So, the company must sell 5172 pairs of shoes to break even. 
Graphical Solution 
The system of equations to solve is 
C = 12x + 300,000 
lc = 70x | 


Use a graphing utility to graph y, = 12x + 300,000 апа у, = 70x in the same viewing window. 


C= 12x + 300,000 


600,000 


С = 70x ы 


(5172.41, 362,069) 
0 


10,000 
0 


So, the company must sell about 5172 pairs of shoes to break even. 


7. Algebraic Solution 


Because both equations are already solved for S in terms of x, substitute either expression for S into the other equation and 
solve for x. 


5 = 108 – 9.4x Animated 
| = 16 + 9x Horror 
16 + 9x = 108 – 9.4x Substitute for S in Equation 1. 
94х + 9x = 108 – 16 Add 9.4x and —16 to each side. 
18.4x = 92 
x-5 Divide each side by 18.4. 


So, since x = 1 corresponds to week one, the weekly ticket sales in millions of dollars for the two movies will be equal after 5 
weeks. 


Numerical Solution 


You can create a table of values for each model to determine when ticket sales for the two movies will be equal. 


Number of weeks x 1 2 3 4 5 6 7 


Sales S (Animated) 98.6 | 892 | 79.8 70.4 | 61 51.6 | 70 


Sales S (Horror) 25 34 43 52 61 422 | 79 


So, from the table, the weekly ticket sales in millions of dollars for the two movies will be equal after 5 weeks. 
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Checkpoints for Section 6.2 


1. Because the coefficients of y differ only in sign, eliminate the y-terms by adding the two equations. 


2x+y=4 Write Equation 1. 
2x-y=-l Write Equation 2. 
4x =3 Add equations. 

x = 3 Solve for x. 


Solve for y by back-substituting x = i into Equation 1. 


сн 
З+у= 4 
у=$ 


The solution is (& 3) 
Check this in the original system. 
x3) + (3) = 4 Write Equation 1. 
+ 3 -4 Solution checks in Equation 1. v/ 
x3) - (3) = -] | Write Equation 2. 
3 - 3 --] Solution checks in Equation 2. v^ 


2. To obtain coefficients that differ only in sign, multiply Equation 2 by 3. 


2x + 3y = 17 > 2х + 3у = 17 Write Equation 1. 
5x- у= 17 > 15x - 3y = 51 Multiply Equation 2 by 3. 
17x = 68 Add Equations. 
x = 4 Solve for x. 


Solve for y by back-substituting x = 4 into Equation 2. 
5x— у = 17 Write Equation 2. 
5(4)- у = 17 Substitute 4 for x. 
20- y = 17 Simplify. 
у = 3 Solve for у. 
The solution is (4, 3). 


Check this in the original system. 


2(4) + 3(3)=17 Write Equation 1. 
8+9 =17 Solution Checks in Equation 1. W 
5(4) - (3) 217 Write Equation 2. 


20-3217 Solution Checks in Equation 2. v/ 
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3. Algebraic Solution 
You can obtain coefficients that differ only in sign by multiplying Equation 1 by 2 and multiplying Equation 2 by —3. 


3x+2y=7 => бх- 4у = 14 Multiply Equation 1 by 2. 
2x + 5y = 1 > -6x-15y = -3 Multiply Equation 2 by —3. 
-lly = П Add Equations. 
y 2-1 Solve for y. 
Solve for x by back-substituting y = 1 into Equation 1. 
3x+2y=7 Write Equation 1. 
3x + 2(-1) = 7 Substitute —1 for y 
3x -2=7 
3x =9 
х = 3 
The solution is (3, —1). 


Graphical Solution 


Solve each equation for y and use a graphing utility 
to graph the equations in the same viewing window. 


From the graph, the solution is (3, —1). 


Check this in the original system. 


3(3) + 2(-1)=7 Write Equation 1. 

9-2=7 Solution checks in Equation 1. v/ 
2(3) + 5(-1)=1 Write Equation 2. 

6-5-1 Solution checks in Equation 2. у 
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4. Because the coefficients in this system have two decimal places, you can begin by multiplying each equation by 100. 
This produces a system in which the coefficients are all integers. 


0.03x + 0.04y = 0.75 = 3x + 4у = 75 
0.02x + 0.06у = 0.90 — 2x + бу = 90 


Now, to obtain coefficients that differ only in sign, multiply Equation 1 by 2 and Equation 2 by —3. 


3x + 4y = 75 > 6x+ 8у = 150 Multiply Equation 1 by 2. 
2x + бу = 90 => -6x – 18у = -270 Multiply Equation 2 by —3. 
-10y = -120 Add Equations. 
y= 12 Solve for y. 
Back-substitute y — 12 into revised Equation 1 to solve for x. 
3x + 4y = 75 
3x + 4(12) = 75 
3x + 48 = 75 
3x = 27 
х= 9 


The solution is (9, 12). 


Check this in the original system, as follows. 


0.03(9) + 0.04(12) 2 0.75 Write Equation 1. 

0.27 + 0.48 = 0.75 Solution Checks in Equation 1. v^ 
0.02(9) + 0.06(12) = 0.90 Write Equation 2. 

0.18 + 0.72 = 0.90 Solution Checks in Equation 2. у 


5. First, write each equation in slope-intercept form. 


2х + 3y = 6 у = 25+ 2 


3 
2 3 
3 2 


The graph of the system is a pair of parallel lines. The lines have no point of intersection, so the system has no solution. 
The system is inconsistent. 
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6. To obtain coefficients that differ only in sign, multiply Equation 1 by 2. 


6x- 5y 232 12x-10y = 6 Multiply Equation by 2. 
—12х + 10y = 5 > -12x + 10y = 5 Write Equation 2. 
0 =11 Add equations. 


Because there are no values of x and y for which 0 = 11, you can conclude that the system is inconsistent and has 


no solution. The graph shows the lines corresponding to the two equations in this system. Note that the two lines 
are parallel, so they have no point of intersection. 


—12х+10у=5 


| N 


7. To obtain coefficients that differ only in sign, multiply Equation 1 by 8. 


33 - iy = -i => 4х-уз-3 Multiply Equation by 8 
-4х+у= 3>-4x+ y= 3 Write Equation 2. 

0-2 0 Add equations. 
Because the two equations are equivalent (have the same solution set), the system has infinitely many solutions. 
The solution set consists of all points (x, y) lying on the line —4x + y = 3as shown. Letting x = a, where a is 


any real number, the solutions of the system are (a, 4a + 3) 
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8. The two unknown quantities are the speeds of the wind and of the plane. If 7; is the speed of the plane 
and n is the speed of the wind, then 


5n = % = speed of the plane against the wind 


5n +n = speed ofthe plane with the wind. 
Using the formula 


distance — (rate)(time) 


for these two speeds, you obtain the following equations. 


2000 = (5 – n4 + a) 


These two equations simplify as follows. 


5000 = 115 - 115 Equation 1 
20,000 = 415 + 41r, Equation 2 
To solve this system by elimination, multiply Equation 1 by 41 and Equation 2 by 11. 
205,000 = 4517 — 451» Multiply Equation 1 by 41. 
220,000 = 4517 + 451% Multiply Equation 2 by 11. 
425,000 = 9027, Add equations. 
So, n = гэ! = 471.18 miles per hour 
902 

and љ = (л — 5000) 

n = H11. 425,000 5000 | = 16.63 miles per hour. 

H 902 


Check this solution in the original system of equations. 


2000 = (471.18 — 16.63) 4 + 2| v 


2000 = (471.18 + 16.63) 4 + £) v 


9. Because p is written in terms of x, begin by substituting the value of p given in the supply equation into the demand equation. 


p = 567 — 0.00002x Write demand equation. 
492 + 0.00003x = 567 — 0.00002x Substitute 492 + 0.00003x for p. 
0.00005x = 75 Combine like terms. 
x = 1,500,000 Solve for x. 


So, the equilibrium point occurs when the demand and supply are each 1.5 million units. Obtain the price that corresponds to 
this x-value by back-substituting x = 1,500,000 into either of the original equations. For instance, back-substituting into the 


demand equation produces 

p = 567 — 0.00002(1,500,000) = 567 — 30 = $537. 

The solution is (1,500,000, 537). Check this by substituting into the demand and supply equations. 
567 — 0.00002x 

567 — 0.00002(1,500,000) v^ 

p = 492 + 0.00003x 

492 + 0.00003(1,500,000) v^ 


o 
os 
ll ll 


сл 
сә 
M 
1 
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Checkpoints for Section 6.3 


1 |x —y+5z = 22 
у + 32 = 6 
а 


From Equation 3, you know the value of z. To solve for у, back-substitute 2 = 3 into Equation 2 to obtain the following. 
y+3z=6 Write Equation 2. 
у + 33) = 6 Substitute 3 for 2. 


y2-3 Solve for y. 
Then back-substitute y = —3 and z = 3 into Equation 1 to obtain the following. 


х- у + 52 = 22 Write Equation 1. 
x — (—3) + 5(3) = 22 Substitute —3 for y and 3 for z. 
x+18=4 Combine like terms. 
x=4 Solve for x. 


The solution is x = 4, y = —3,and z = 3, which can be written as the ordered triple (4, -3, 3). Check this in the original 
system of equations. 
Check 
Equation 1: x—-yt5z222 
4 — (—3) + 5(3) = 22 
4-3-15-22У 


Equation 2: y + 3z =6 


(-3) + 3(3) 26 
-349-6У 
Equation 3: 2 = 3 
(3) 23v 
2. |2x * y 23 Write Equation 1. 
x+2y 23 Write Equation 2. 
x+2y 23 Interchange the two equations in the system. 
2x+ у= 3 
-2х -4y = -6 Multiply the first equation by —2. 
2х+ у= 3 
—2x — 4y = —6 Add the multiple of the first equation to the second equation to obtain a new second equation. 
2х+ y= 3 
-3y = -3 
y= 1 
( + 2у = 3 New system іп row-echelon form. 
y=l 


Now back-substitute y = 1 into the first equation in row-echelon form and solve for x. 


x + 201) = 3 Substitute 1 for y. 


x=1 Solve for x. 
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The solution is x = land y = 1, which can be written as the ordered pair (1, 1). 


3. Because the leading coefficient of the first equation is 1, begin by keeping the x in the upper left position and eliminating the 
other x-terms from the first column. 


2x —2y —2z = —12 
2x- yt z= 3 
-Зу- z= -9 
х+у+2 = 6 
-3у - 2 = -9 
3x +у-2 = 2 
3x – 3y – 32 = -18 
Зх + y- z= 2 
-2у – 42 = -16 
Xtyctz-6 
-3y-z--9 
—2y – 42 = -16 


-3y- 2 = –9 
-y – 22 =-8 
-3y- 2 = –9 
3y + 6z = 24 
52 = 15 
x+y+z= 6 
-3y -z = -9 
52 = 15 
x+y+ z= 6 
lige 
у+32 = 3 
52 = 15 
x+y+ z=6 
ly. 
yraz=3 
z=3 


Multiply Equation 1 by —2. 
Write Equation 2. 


Add revised Equation 1 to Equation 2. 

Adding —2 times the first equation to the second equation produces a new second equation. 
Multiply Equation 1 by —3. 

Write Equation 3. 


Add revised Equation 1 to Equation 3. 


Adding —3 times the first equation to the third equation produces a new third equation. 


Now that you have eliminated all but the x in the upper position of the first column, work on the second column. 
x+y+ z= 6 


Multiplying the third equation by 2, produces a new third equation. 
Write Equation 2. 
Multiply Equation 3 by —3. 


Add equations. 


Adding the second equation to —3 times the third equation produces a new third equation. 


Multiplying the second equation by =. produces a new second equation. 


Multiplying the third equation by i produces a new third equation. 


To solve for y, back-substitute z — 3 into Equation 2 to obtain the following. 


у +13) = 3 


у = 2. 


Then back-substitute у = 2 апа z = 3 into Equation | to obtain the following. 
x + (2) + (3) =6 


= 


The solution is x = 1, y = 2, and 2 = 3, which can be written as (1, 2, 3). 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Solutions to Checkpoints 513 


x+ у-2:-3 
Зх – 2у + 42 = 1 
2х – 3y + 62 = 8 


x+ у- 22 = 3 
-5у + 102 = -8 Adding —3 times the first equation to the second equation produces а new second equation. 

2x -3y + 62-2 8 
х+у- 22 = 3 

-5y +102 = -8 

-5y +102 = 2 Adding —2 times the first equation to the third equation produces a new third equation. 
x+y-2z= 3 

-5y + 102 = -8 


0= 10 Adding —1 times the second equation to the third equation produces a new third equation. 


Because 0 = 10 is a false statement, this is an inconsistent system and has no solution. Moreover, because this system is 
equivalent to the original system, the original system has no solution. 


x+2y- 72 = —4 
2x+3y+ z= 5 
3x + 7y — 362 = –25 
x+ 2у- Iz= -4 
-y+15z= 13 Adding —2 times the first equation to the second equation produces a new second equation. 
3x + 7y – 362 = —25 
x+2y- 72 = -4 
-y +15z = 13 
y = 152 = -13 Adding —3 times the first equation to the third equation produces a new third equation. 
x+2y- 72 = —4 
-y +152 = 13 


0= 0 Adding the second equation to the third equation to produces a new third equation. 


This result means that Equation 3 depends on Equations 1 and 2 in the sense that it gives no additional information about 
the variables. Because 0 = 015 a true statement, this system has infinitely many solutions. However, it is incorrect to say 
that the solution is "infinite." You must also specify the correct form of the solution. So, the original system is equivalent 
to the system. 


хж2у- 72 
—y + 152 


-4 
13. 


In the second equation, solve for y in terms of z to obtain the following. 
—y +152 = 13 
-=y = -15z + 13 
у = 152 - 13 
Back-substituting in the first equation produces ће following. 
х-2у-7:--4 
x+ 2(15z = 13) =- 72 = –4 
x + 30z – 26 – 72 = -4 
—23z + 22 


х 
Finally, letting z = a where a is a real number, the solutions of the given system are all of the form x = – 23а + 22, 


y = 15a – 13, and z = a.So, every ordered triple of the form (—23a + 22,15a — 13, a) is a solution of the system. 
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x-y+t4z= 
6. ? 
4x -z=0 
х-утж z= 3 
4y – 172 = -12 Adding —4 times the first equation to the second equation produces a new second equation. 
x-yt z= 3 
17 : Multiplying the second equation by 1 produces a new second equation. 
Vi ge mE 
Solve for y in terms of z to obtain the following. 
y- 1 --3 
у= Hz -3 


Solve for x by back-substituting y = Hz — 3 into Equation 1. 
х- у + 42 = 3 
X= (2: m 3) + 42 


ll 
w 


x- Hz +3 + 42 = 3 
x= 44 
Finally, by letting z — a, where a is a real number, you have the solution 


x = la, y = Па — 3,and z = a. 


So, every ordered triple of the form (4a, Ha — 3, a) is a solution of the system. Because the original system had three 


variables and only two equations, the system cannot have a unique solution and has infinitely many solutions. 
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7. By substituting the three values of t and s into the position equation, you can obtain three linear equations in a, vy and sy. 


When ¢ = 1: La(1)* + vo(1) + so = 104 а + 2v + 25у = 208 


When t = 2: 14(2) + w(2) + so = 76 = 2a + 2w + so — 76 


When t 


3: 14(3) + w(3) + so = 16 = 9a + бу + 25, = 32 


This produces the following system of linear equation. 
а + 2у + 250 = 208 

2a + 2у0 + 5) = 76 

9а + буу + 259 = 32 


Now solve the system using Gaussian Elimination. 
a + 2у + 250 = 208 


-2Уу- 359 = —340 Adding —2 times the first equation to the second equation produces a new second equation. 
9а + буу + 25) = 32 
a + 2w + 25у = 208 

—2v — 35) = —340 


-12w = 165 = —1840 Adding —9 times the first equation to the third equation produces a new third equation. 


а + 2vọ + 2s = 208 


—2w — 359 = —340 


2s; = 200 Adding —6 times the second equation to the third equation produces a new third equation. 


а + 2у + 25у = 208 


Vo + 359 = 170 Multiplying the second equation by => produces a new second equation and 


8) = 100 multiplying the third equation by i produces a new third equation. 
So, sy = 100. 
Find v, by back-substituting sọ = 100 into Equation 2. 
vo + 2(100) = 170 
уу = 20 
Find a by back-substituting s; = 100and v, = 20 into Equation 1. 
a + 2(20) + 2(100) = 208 
a = —32 


So, the solution of this system is a = —32, vy = 20, and s, = 100, which can be written as (-32, 20, 100), 


This results in a position equation of s — 4(-32)7 + 20t + 100 
= —16t? + 20t + 100 


and implies that the object was thrown upward at a velocity of 20 feet per second from a height of 100 feet. 
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8. Because the graph of y = ax? + bx + c passes through the points (0, 0), (3, —3), and (6, 0), you can write the following. 
When x = 0, y = 0: a(0) + b(0) - c = 0 
When x = 3, y = —3: a(3} + b(3) + с = -3 


When x = 6, y = 0: a(6)* + b(6)+c =0 


This produces the following system of linear equations. 


с 0 Equation 1 
9a + 3b + c = —3 Equation 2 


36a + 6h+c= 0 Equation 3 


You can reorder these equations as shown. 
36a + 66 +c = 0 
9a + 3b + c = -3 


c=0 
36a +6b+ c= 0 Adding —4 times the second equation to the first equation produces a new second equation. 
—6Ь – Зс = 12 
с= 0 
а+ір+ с = 0 
6 36 
b+ te --2 Multiplying the first equation by i produces a new first equation and 
c= 0 multiplying the second equation by ex produces a new second equation. 
So, c = 0, 
10) = 
b + (0) = -2 
b = -2, 
1 1 = 
and a + (—2) 440) = 0 
а= 1. 


The solution of this system is a = =, b = —2, and с = 0. 


1 
3 
1.2 


So, the equation of the parabola 15 y = 3х - 2х. 
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Checkpoints for Section 6.4 


1. The expression is proper, so you should begin by factoring the denominator. Because 
2x7 -x-1 = (2x + I) (x – 1) 


you should include one partial fraction with a constant numerator for each linear factor of the denominator. 
Write the form of the decomposition as follows. 


x+5 B A B 


2x2 - x -1 2x 4*1 x-1 


Multiplying each side of this equation by the least common denominator, (2x + 1)(x — 1), leads to the basic equation 
x+5 = A(x —1) + В(2х + 1). 


Because this equation is true for all x, substitute any convenient values of x that will help determine the constants А and В. 
Values of x that are especially convenient are those that make the factors x — 1 and 2x + 1 equal to zero. For instance, 


to solve for B, let x = 1. Then 


1+5 = A(L- 1) + B[2(1) +1] Substitute 1 for x 
6 = A(0) + B(3) 
6 = 3B 
2 =B. 

To solve for A, let x = E and then 


T uci Ae 1 8121 +1 Substitute | for x 
2 2 2 2 


>= 4-3) + 20 
2 2 
Е Р 

2 2 

—3 = А. 


So, ће partial fraction decomposition is 
x+5 NEL 2 


2x? -x-1 2х+1 х-1 


Check this result by combining the two partial fractions on the right side of the equation, or by using your graphing utility. 


ys x45 
10 (7 2x2-x-1 
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2. This rational expression is improper, so you should begin by dividing the numerator by the denominator. 


x 
= х? эю itt 400 +xt4 


хєх +х+4 


X +x 


х.х 

x+4 
хєх +х+4 ‚ х+4 
So, : P =x+ 2 
X +x x tx 


Because the denominator of the remainder factors as x? + x^? = х (х + 1), you should include one partial fraction with 
a constant numerator for each power of x and x + 1, and write the form of the decomposition as follows. 
x+4 A B C 


: 1 
etx? x x? х +1 


Multiplying each side by the LCD, x(x + 1), leads to the basic equation 
x + 4— Ax(x +1) + B(x + 1) + Cr’. 
Letting x = —1 eliminates the A- and B-terms and yields the following. 
-1 + 4 = A(-1)(-1 + 1) + B(-14 1) + C(-1)* 
3=0+0+ С 
3 = С 
Letting x = 0, eliminates the A- and C-terms. 
0 4 4 = A(0)(0 + 1)  B(0 + 1) + C(O)” 
4-0-8-0 
4-8 


At this point, you have exhausted the most convenient values of x, so to find the value of A, use any other value of x along 
with the known values of В and C. 


So, using x = 1, В = 4and С = 3, 


1+4 = A(1)(1 + 1) + 4(1 +1) + 3(1)° 


5 =24+8+4+3 
-6=2A 
-3 = A. 


So, the partial fraction decomposition is 


x! +? +х +4 -3 4 3 
3 2 = Xd і 27 Я 
x +x x x х +1 
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3. This expression is proper, so begin by factoring the denominator. Because the denominator factors as 
P +x = x(x? +1) 


you should include one partial fraction with a constant numerator and one partial fraction with a linear numerator, 
and write the form of the decomposition as follows. 


2x! -5 A Bx +С 


х +x x x? +1 


Multiplying each side by the LCD, ха? + 1) yields the basic equation 
2x^ 5 = A(x? + 1) + (Bx + C)x 
Expanding this basic equation and collecting like terms produces 


2x! -5 = Ax? + А + Bx? + Cx 
= (A+ B)? + Cx + А. Polynomial form 


Finally, because two polynomials are equal if and only if the coefficients of like terms are equal, equate the coefficients 
of like terms on opposite sides of the equation. 


2x? + 0х- 5 = (A+B)? + Сх + А 


Now write the following system of linear equations. 


A+B = 2 Equation 1 
C= 0 Equation 2 
A = –5 Equation 3 


From this system, you can see that 4 = —5 and C = 0. 
Moreover, back-substituting A = —5 into Equation 1 yields -5 + B = 2 > B = 7. 


2x -5 -5. Tx 
; = 


So, the partial fraction decomposition is I Я 
eux x x +1 
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4. Include one partial fraction with a linear numerator for each power of (x? + 4) 


X *3x5-2x £7. АВ. Cx + D 


2 7 z Write form of decomposition. 
(X + 4) x *4 (X + 4) 


Multiplying each side by the LCD, (x + 4), yields the basic equation 


xX? + 3x? 2x +7 = (Ах + B)(x? + 4) +Cx+D Basic equation 


Ах? + 4Ax + Вх? + АВ + Сх+ р 
= Ax? + Bx? + (44 + C)x + (4B + D). Polynomial form 


Equating coefficients of like terms on opposite sides of the equation 
x + 3х2 – 2x +7 = AX) + Вх? + (4А + С)х + (4B + D) 


produces the following system of linear equations. 


A = 1 Equation 1 
B = 3 Equation 2 

4A+ C --2 Equation 3 
4B + р = 7 Equation 4 


Use the values A = land B = 3 to obtain the following. 
4(1) + C = -2 Substitute 1 for 4 in Equation 3. 


С--6 
43) + р = 7 Substitute 3 for В in Equation 4. 
р--5 


So, using 4-1,8-3,--6,40--5 


we+3x7-2x +7 x43 -бх-5 
(24) X4 (2 44)” 


The partial fraction decomposition is 


Check this result by combining the two partial fractions on the right side of the equation, or by using your graphing utility. 
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5. Include one partial fraction with a constant numerator for each power of x and one partial fraction with a linear numerator for 
each power of (ә? + 2). 
4x —8 -4,28 Cx+D Ex+F 


ef x X “+? (20) 


Write form of decomposition. 


Multiplying each side by the LCD, хүж + 2), yields the basic equation 


4x - 8 = Ax(x? + 2) B(x? +2) + (Cx + D) x°(x? + 2) + (Ex + F)? 


Ax(x^ + 4x? + 4) + B(x* + 4x? + 4) + (Cx + Dy(x* + 2х2) + (Ex + F)x? 
= AX! + 440 + 4Ax + Вх* + 4Bx? + AB + CÓ + 2Cx? + Dx* + 2D + Ex? + Ех? 
(A + C»? + (B + D)x* + (44 + 2C + E) + (4B + 2D + F)x? + (A4)x + 4B 


Equating coefficients yields this system of linear equations. 


A + C = 0 Equation 1 
B+ D = 0 Equation 2 

4A + 2C +E = 0 Equation 3 
4B + 2D +F= 0 Equation 4 

4А = 4 Equation 5 
4В = -8 Equation 6 


So, from Equations 5 and 6, А = land В = —2. 
Then back-substituting into Equations 1 and 2, 1 + C = 0 > C = -land -2+ р = 0 > р = 2. 


Using these values and Equations 3 and 4, you have 
4(1) -2-1 + E = 0 > E = -2 and 4(-2) + 2(2)+ F =0 > Е = 4. 


So, A = 1, B = -2,C =-1,D = 2, E = —2,and F = 4. 


The partial fraction decomposition is 
4x -8 I .-2. Set? -2x +4 
yo d 3 | 2^ 
x(x? + 2) Xo ou x +2 [P + 2) 


Checkpoints for Section 6.5 


1. Begin by graphing the corresponding equation (x + 2)” + (у = 2) = 16, which is a circle, with center (-2, 2) and 


a radius of 4 units as shown. 


Test a point inside the circle such as (-2, 2) and a point outside the circle such as (4, 2). 


` The points that satisfy the inequality are those lying inside the circle but not on the circle. 


(-2, 2): (x + 2) + (y - 2) < 16 (4,2): (x + 2) +(y 2) «16 
(-2 + 2? + (2-2) <16 (4+2 + (2-2? < 16 
0 «16 36 x 16 

(—2, 2) is a solution. (4, 2) is not a solution. 
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2. The graph of the corresponding equation x — 3isa 3. The graph of the corresponding equation x + y = —2is 
vertical line. The points that satisfy the inequality x 2 3 
are those lying to the right of (or on) this line. 


y 


a line as shown. Because the origin (0, 0) satisfies the 


inequality, the graph consists of the half-plane lying 


1 above the line. 
34 y 
2 s A 
^ a 
* 
1 ^ 2+ 
s 
+ > x ч 1+ 
-1 1 2 4 5 I ——— AK ee х 
-1 -5 -4 -3 -29 ПЕ 
b 
-2- 3% 
^ 
` 
-3 -34 Ж 
-44 "S 
* 
-5 53 


хжу?! -x*y2l y 


: 5523 NR al jb 


ыг 
w 

1 
27 


Л 


х+у=1 


fmol 
22 


у 


By superimposing the graphs on the same coordinate system, the region common to all three graphs can be found. To find the 
vertices of the region, solve the three systems of corresponding equations by taking pairs of equations representing the 
boundaries of the individual regions. 


— - 
=3 2 oil 12 3 
414 
N х+у=1 edil 
-х+у= 1 ЕА -34 
Vertex A: (0, 1) Vertex B: (1, 2) Мегїех С: (-1, 2) 
х+у=1 -х+у=1 х+у=1 
-х+у=1 у= 2 у= 2 


Note that the vertices of the region аге represented by solid dots. This means that the vertices are solutions of the system of 
equations as well as all of the points that lie on the lines. 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Solutions to Checkpoints 523 


5. The points that satisfy the inequality 


x — y? > 0 are the points inside the 


ы 
У 


parabola (but not on) the parabola "p 
IT „2 
x= у?. di 
[= ва 
Ч ит 


The points satisfying the inequality 
x + y < 2are the points lying below зі 
(but not on) ће line x + у = 2. 


To find the points of the intersection of the parabola and the line, solve the system of corresponding equations. 
x-y =0 
| х+у=2 
x+y=2>y=2-x 
x-y =0 
x-(2- xy -0 
х- (4-4 +2) = 0 


х-4+4х- х? = 


0 
-x + 5х - 4 = 0 
0 
0 


-(x? - 5х + 4) = 
(x- 405-1) = | 
А 
х-4-0 х-1= 0 Se ot 
x=4 x=] Wan eer cal 
When x = 4, y = 2-4 = -2. Tat tty =2 
: л 1—1—4—9- х 
When х= 1,у = 2-1 = 1. amh N 4 5 
5 (4 Sons 72 
Using the method of substitution, you can find the solutions to be (4, —2) and (1, 1). ES <= 
= x-y?=0 ыг 


So, the region containing all points that satisfy the system is indicated by the shaded region. 


6. From the way the system is written, 


it should be clear that the system has no solution 1 
because the quantity 2x — y cannot be both less 57 Ki 
than —3 and greater than 1. The graph of the MC у 
+ 4 
inequality 2x — y < —3 is the half-plane lying zl И 
above the line 2x — y = —3and the graph of the ил D 
inequality 2x — y > 116 the half-plane lying Se NÉ 
below the line 2x — y = 1 а$ shown. These two 7 af 
half-planes have no points in common. So, the к #1 


system of inequalities has no solution. 
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7. The graph of the inequality х? — y < 0 is the region inside the parabola x? — у = 0. The graph of the inequality 
x — y < —2is the half-plane that lies above the line x — y = —2. The intersection of these regions is an infinite region 


having points of intersection at (-1, 1) and (2, 4), as shown below. So, the solution set of the system of inequalities is 


unbounded. 
: Е | y 
Points of intersection: 
` 
7 П 
1 
Е P (5 Е 
Li 
M 5 "A 
Moy = -2 Ч M 
+ *T 200,4 
! 
x — (x?) = -2 1 3 Р, 
12 4 
32-х-2-0 CLOR+ , 
a a pe%, 4 4 4 > x 
(x — 2)(x +1) = 0 437 -i,[ 124 4 


2 


When x = 2, y = (2) = 4. 


When x 2-1 у = (р) = 1. 


8. Begin by finding the equilibrium point (when supply and demand are equal) by solving the equation 
492 + 0.00003x = 567 — 0.00002x. 


In checkpoint 9 in Section 9.2, you saw that the solution is x — 1,500,000 units, which corresponds to an equilibrium price 
of p = 537. So, the consumer surplus and producer surplus are the areas of the following triangular regions. 


Consumer Surplus Producer Surplus 
p < 567 — 0.00002x p = 492 + 0.00003x : Supply vs. Demand 
р > 537 p < 537 4 
x20 x20 6004. Consumer [22 492+ 0.00003x 


Surplus гд 


The consumer and producer surpluses are the areas of the shaded triangles shown. 


500 


Consumer surplus} = +(base)(height) 


р = 567 — 0.00002x 


Producer 
450+ Surplus 


= 4(1,500,000)(30) 
= $22,500,000 


Price per unit (in dollars) 


x 
1,000,000 1,500,000 2,000,000 


Producer surplus] = 4(base)(height) 


Number of units 


= 4(1,500,000)(45) 
= $33,750,000 
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9. Begin by letting x represent the number of bottles of brand X coral nutrients and y represent the number of bottles of brand Y 
coral nutrients. 


To meet the minimum required amounts of nutrients, the following inequalities must be satisfied. 


8x + 2y 2 16 Nutrient A i 
x+y25 Nutrient B 
2x + 7y 2 20 Nutrient C 
x20 
y20 


The graph of this system of inequalities is shown. 


x+y=5] |2x+7y=20 
Nutrients A and B Nutrients B and C 
х+у= 5 
8х + 2y = 16 
2х + 7у = 20 
х+у= 5 
2х + 2у = 10 
8x + 2y = 16 
-2x — Ty = -20 
-2x — 2y = -10 
5y = -10 > у= 2 
6x=6—>x=l А * 
х-2-5-х-3 
1+у=5 әу= 4 


Checkpoints for Section 6.6 


1. The constraints form the region shown. 2. The constraints form the region shown. 
y y 
100 
90 
80 
70 +| —x + бу = 240 
60 
йн | o. 45) 
7 5х + бу = 420 
40 = 


/ 


(60, 20) 


12 3 4 5 677 8 


/| 10 20 30 40 50 60 70 80 90100 


At the three vertices of the region, the objective function у=0 

has the following values, By testing the objective function at each vertex, you 
At (0,0): z = 4(0) + 5(0 = 0 obtain the following. 

At (0,6): z = 4(0) + 5(6) = 30 At (0,0): z = 12(0) +8(0) =0 

At (6,0): z = 4(6) + 5(0) = 24 At (0, 40): z = 12(0) + 8(40) = 320 

So the maximum value of z is 30, and this occurs when At (30, 45): = 12(30) + 8(45) = = 720 

x = Oand y = 6. At (60, 20): z = 12(60) + 8(20) = 880 


At (50, 0): z = 12(50) + 8(0) = 600 
So, the minimum value of z is 0, which occurs when 
x = Oand y = 0. 
3. Using the values of z at the vertices shown in Checkpoint 
Example 2, the maximum value of z is 
z = 12(60) + 8(20) 
= 880 


and occurs when х = 60 and у = 20. 
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4. The constraints form the region shown. 


By testing the objective function at each vertex, you obtain the following. 
At (0,8): с = 3(0) + 7(8) = 56 

At (5,3): z = 3(5) + 7(3) = 36 

At (10, 0): z = 3(10) + 7(0) = 30 

So, the minimum of z is 30, which occurs when x = 10 and y = 0. 


5. Let x be the number of boxes of chocolate-covered creams and let y be the number of boxes 
of chocolate-covered nuts. So, the objective function (for the combined profit) is 


Р = 2.5х + 2у Objective function 

To find the maximum monthly profit, test the values of P at the vertices of the region. 
At (0, 0): P = 2.5(0) + 2(0) =0 

At (800, 400): P = 2.5(800) + 2(400) = 2800 

At (1050, 150): Р = 2.5(1050) + 2(150) 2925 Maximum Profit 

At (600, 0): P = 2.5(600) + 2(0) = 1500 


So, the maximum monthly profit is $2925 and it occurs when the monthly production consists of 1050 boxes 
of chocolate-covered creams and 150 boxes of chocolate-covered nuts. 
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6. Begin by letting x represent the number of bottles of brand X coral nutrients and y represent the number of bottles of brand 
Y coral nutrients. y 


To meet the minimum required amounts of nutrients, 
the following inequalities must be satisfied. 


8x + 2y 2 16 Nutrient A 
x+y 25 Nutrient B 
2x + 7y 2 20 Nutrient C 
x 20 
y 20 x 
The graph of this system of inequalities is shown. xty=5| |2х+7у=20 
Nutrients A and B Nutrients B and C 
х+у= 5 
8x + 2y = 16 
2x + 7у = 20 
х+у = 5 
2x + 2у = 10 
8x + 2y = 16 
—-2x — 7y = —20 
-2x — 2y = -10 
5y = -10 > у= 2 
6x =67x=1 T 4 
x+2=5>x=3 
l+y=5>y=4 


The figure shows the graph of the region corresponding to the constraints. 


The cost function is given by C = 15x + 30y. 


Because you want to incur as little cost as possible, you want to determine the minimum cost. 


At (0,8): C = 15(0) + 30(8) = 240 
At (1,4): C = 15(1) + 30(4) = 135 
At (3,2): C = 15(3) + 30(2) = 105 Minimum Cost 
At (10, 0): C = 15(10) + 30(0) = 150 


So, the minimum cost is $7.20 and occurs when 3 bottles of Brand X and 2 bottles of Brand Y are added. 
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Chapter 7 
Checkpoints for Section 7.1 


1. The matrix has two rows and three columns. The order of the matrix is 2 x 3. 


x+ yt z= 2 
2. 42x- yt3z=-l 
-хж2у- z= 4 


All of the variables are aligned in the system. Next, use the coefficients and constant terms as the matrix entries. 


В, 111 oq 
R, 2 -1 3 1-1 
Бус Jele Z St y 


The augmented matrix has three rows and four columns, so it is a 3 x 4 matrix. 


3. Add —3 times the first row of the original matrix to the second row. 


Original Matrix New Row-Equivalent Matrix 
1 0 2 1 0 2 

3. . X. 7 -3R +R ә 10 1 1 

2 -6 14 2 -6 14 
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4. Linear System Associated Augmented Matrix 
2x + y- z= -3 [2 1-1: -3 
4x — 2y + 22 = -2 4—2 2 3-2 
—6x + Sy + 4z = 10 |[-6. 5 4 ; 10 
Multiply the first equation by i : 
IEEE [ NONE 228: 
мн 27 2 iR > E 2. 2 
4x — 2y + 22 = -2 4-2 2 -2 
—6x + 5y + 4z = 10 = 5 4 10 
Add —4 times the first equation to the second equation. 
ix en ene шый p. 15.3] 
EE 72 2 E A. 2 
- 4y + 42 = 4 -4R + R > 0-4 4: 4 
-бх + 5y + 4z = 10 - 5 4 10 
Multiply the second equation by = 
Toe modems 53 1021 E 
цал 27 2 E xeu 2 
y- z= -l -İR > | 0 1-1: -I 
—6x + 5y + 4z = 10 =6 5 4 10 
Add 6 times the first equation to the third equation. 
Te ol „Муз me 213 1021 -3 
E 22 2 15:55: 2 
үсээ, mmol 0 1 ч -1 
8y + z= 1 6R + R > 8- 1: 1 
Add —8 times the second equation to the third equation. 
jactu. 22228 ГА шй 2X 
E су 22 2 122326: 2 
Е oe umbram 0 1 -1 -1 
92 = 9 -8R, + R > 0 9: 9 
Multiply the third equation by 5 : 
їз. зш, i2 = 3 [ПЫ 2221 _3] 
x + су 25 2 A E 2 
y=- z= -l 0 1 -l - 
= 1 ; 
Z = 1 sf — |9 0 1 . ! 
At this point, you can use back-substitution to find х and y. 
y-z= -1 
ze ed 
у=0 
1 L, 3 
E ME ханийн 
21 Цүү 23 
X 4 5(0) 50 z 
x= -l1 
The solution is x = —1, y = 0,and z = 1. 
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5. The matrix is in row-echelon form, because the row consisting entirely of zeros occurs at the bottom of the matrix, and for 
each row that does not consist entirely of zeros, the first nonzero entry is 1. Furthermore, the matrix is in reduced row-echelon 
form, since every column that has a leading 1 has zeros in every position above and below its leading 1. 


[-3 5 3 i -19 
6. 3 4 4: 8 Write augmented matrix. 
| 4 -8 -6 : 26 
R +R > [1 -3 -3 7 
3 eA: 4 8 
|4 -8 -6 26 
Add А; to R, so first column has leading 1 in upper left corner. 
[1 -3 -3 7 
Perform operations on R, and R, so first column has zeros 
-3R +R, ә |0 13 13 =13 
below its leading 1. 
-4R +R > (0 4 6 -2 
[1 -3 -3 : 5] 
R, + (-3)R; > |0 -5 : -7 Perform operations on R, so second column has a leading 1. 
0 4 6 -2| 
[1 -3 -3 7| | 
0 5 7 Perform operations on А; so second column has а zero 
below its leading 1. 
-4R, +R; ә (0 0 26 26 | 
[1-3 -3 : 7 
0 1 -5 =7 Perform operations on R, so third column has a leading 1. 
28910 0 1: l| 


The matrix is now in row-echelon form, and the corresponding system is 


x-3y-3z= 7 


y-5z2-7 
z= 1 
Using back-substitution, you can determine that the solution is x = 4, y = —2 and z = 1. 
1 1 1 
7 1 2 2 2 Write augmented matrix. 
1 =I =1 
1 1 | 1 
-R +R 7/0 1 |] 1 Perform row operations. 
-R +R |0-2 -2 0 
[E D D 
0 1 1: I Perform row operations. 
2R +R 201000: 2 


Note that the third row of this matrix consists entirely of zeros except for the last entry. 
This means that the original system of linear equations is inconsistent. You can see why 
this is true by converting back to a system of linear equations. 


х+у+2 = 1 
У+2 = 1 
0 = 2 


Because the third equation is not possible, the system has no solution. 
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sa ye 2 1 

-5 3 -5 1-8 

| 2 2 -3 15 

R,+R ә 1-1 5-1 16 
-5 3 -5 : -8 

| 2 -2 -3 15 
-R > -5 ] -16| 

3 -5 8 
| 2 -2 -3 15 | 

1 -5 -16 

SR + R > |0 -22 0 : -88 
|2 -2 -3 15 
[1 —-5 -16| 

0 -22 0 : -88 
-2R + R > |0 8 -5 47 | 
[1 —5 -16| 
1 

-5№, > 0 1 0 4 
0 8 -5 47 | 

ГІ -5 -16| 

0 1 0 4 

-8R, +R; > (0 0 -5 15 | 

1 -5 1 : -16 

0 10 4 

-iR > |0 0 1 -3 


At this point, the matrix is in row-echelon form. Now, 
apply elementary row operations until you obtain zeros 
above each of the leading is, as follows. 


5R +R, > [1 
0 
0 


-R,; + R > 


0 


1 
0 
0 

1 
0 


1 


=. © © 


The matrix is now in reduced row-echelon form. 
Converting back to a system of linear equations, 


you have 
x= 7 
y= 4 
z=-3 


So, the solution is x = 7, y = 4, and z = —3, which 


can be written as the ordered triple (7, 4, —3). 
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2 -6 6 i 46 
2 -30: 31 
P = ЗЕ 23 
2 -3 031 
1-3 3i 23 
-2R +R, > |0 3 -6 


1-3 3: 23 
I 2 |0 1-2: -5 


Ri +3R, > 10-3: 8 
0 1 -2 des 


The corresponding system of equations is 
x-3z= 8 
( — 22 = -5. 
Solving for x and y in terms of z, you have 
x = 3z + 8andy = 22 - 5. 
To write a solution of the system that does not use any of 


the three variables of the system, let a represent any real 
number and let z — a. Substituting a for z in the 


equations for x and y, you have 
x = 32 + 8 = За + 8andy 22z- 5 = 2а - 5. 


So, the solution set can be written as ап ordered triple of 
the form 


(3a + 8, 2a — 5, a) 


where a is any real number. Remember that a solution 
set of this form represents an infinite number of 
solutions. Try substituting values for a to obtain a few 
solutions. Then check each solution in the original 
system of equations. 
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Checkpoints for Section 7.2 


1 ау M2] _ 6 3 
: а 422 -2 4 


Because two matrices are equal when their corresponding entries are equal you can conclude that 


а = б,а = 3, а = 2, anda, = 4. 
[4-1] [2 -1 4-2 -1+(-l 6 -2 
2. (a) + = Гы = 
12 31 [0 6 2+0 -3+ 6 24 23 
[2 -1] [2-2 1 0 0 
(0) 3 4|+|-3 -41-10 0 
10-21 | 0 2 0 0 
[3 9 6 
3 9 6 
(с) |0 4 -21- ied , not possible. The matrices are not of the same dimension. 
[1 -1 0 
[1] [= 0 
(d |-1|*| 1 = 0 
| 1 1 2 
3 -1 0 4 
А = 4| апав =|-1 3 
-3 | 1 7 
(a) 4 -l 0 4] 4 —5 
А-В=| 0 4|-i-13|2| 1 1 
|-3 8 1 7; |-4 1 
(b) 4 -1 12 -3] 
34-31 0 4210 12 
-3 8 -9 24| 
(c) 4 -1 [0 4] [12 -3 0 8] [12 -11 
3A -2B = 3| 0 4]-2]-1 =| 0 12|-|-2 6|-| 2 6 
-3 8 1 7: (-9 24 2 14 -]] 10 
á 3 -8 -2 3 0 7| 3 + (-2) +0 8 3+ 7 1 2 
+ = = 
0 2 6 -5 4 –1| 0 6-4 2 + (-5) + (-1) 10 -4 


6. Begin by solving the matrix equation for X to obtain 


2X -A- B 
2X =B+A 
X = ІВ + A). 


Now, using the matrices А and В you have the following 


«55:45 3-5 1 
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- 4 
АВ=|2 0 | | 
pop 
[(—1)(1) + (4)(0) (-11-2) + (4X7) 
=| (2)(1) + (0)(0)  (2(-2) + (0)(7) 
| (101) + (2)(0) (0(-2) + (2)(7) 
-1 30 
2512 д 
1 12| 
[o 4 -3]-2 0) |(0)(-2) + (4)(0) 41-3)0) (0(0- (44) + (3X2) [-3 -22 
. АВ = |2 1 | 0 l = |(2)(—2)+ (1)(0) + (7) (2)(0) + (n4 + (7)(2) | 3 1 
3-2 ЦІ 21 101-2)4(-21/0) + (00 QGX0)-(-2(-4)* (10)| 1-5 10 


1441 hen) 09) 0-1 (3-4 
29 si =| ib | | 36) (-3)( | Ё | 
® 8-4 i - [90 + C03] - I8 


3 1 216 4 
(c) б | | is not defined, since the first matrix has dimensions 2 X 3 and the second matrix has dimensions 


2 x 2. The number of columns of the first matrix is not equal to the number of rows of the second matrix. 


, 4,.PR "ng? n [oo«oo 020) +02) ] po 
шахаа Ё als i | + (-2)() (30) + vr l | 
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11. |-2x - 3x, = -4 
6x, + x, = -36 


(a) In matrix form Ax = B, the system can be written as follows. 
-2 -3[x] [-4 
6 1|х| |-36 


(b) The augmented matrix is formed by adjoining matrix B to matrix A. 


ШЫР S | "i 


6 1 : —36 


Use Gauss-Jordan elimination to rewrite the matrix. 


зу: 
-in 11 ОЁ 2 
6 1: -36 


х -7 
So, the solution of the matrix equation is X = | | = | | я 
X 


12. The equipment lists E and the costs per item C can be written in matrix form as 
12 15 
Е = |45 38|andC = [100 3 65]. 
15 17 


The total cost of equipment for each team is given by the following product. 
12 15 


СЕ = |100 3 65]|45 38) = [(100)(12) + (3)(45) + (65)(15) (100)(15) + (3)(38) + (65)17)] = [2310 2719] 
15 17 


So, the total cost of equipment for the women's team is $2310 and the total cost of equipment for the men's team is $2719. 


Checkpoints for Section 7.3 


1. To show that B is the inverse of A, show that AB = I = BA, as follows 
2 1 1 1 24+3 2-2 1 0 
AB = = = 
Ё | Е A | 3-3 3- А | | 
1 1 2 1 2-3 1-1 1 0 
BA = = = 
-3 -2||-3 1 -6-6 3-2 0 1 


Because AB = I = BA,B is the inverse of A. 
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2. To find the inverse of A, solve the matrix equation 


AX = I for X. 
A X 


1-2 | Xu Xo] 
Ё | B 2 5 
Xu -2X4/ Хр — 2X» 1 0 
ie + 3X, -Хр + 2! 2 Ё | 
Equating corresponding entries, you obtain two system 
of linear equations. 


Хү-2Х, = 1 Xn -2X5-0 
—-X, *3X,4,-0 -X2 *t3X5-1 


ll 
~ 


Solving the first system yields 
Xj, = Запі X,, = 1. 

Solving the second system yields. 
Xn = 2and X5, = 1. 


3 2 
So, the inverse of Ais X = A! = | | 


You can check this by finding А47! and АА. 
Check: 


wR Ak 
“ЕУ 
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3. Begin by adjoining the identity matrix to A to form the 


matrix 
1 -2 -l 100 
[4:Д= 0 -1 2:0 1 0j. 
1-2 0:00 1 


Use elementary row operations to obtain the form 


р 


1-2-1: 1 00 

-R >|0 1-2 0 -1 0 

-R +R, >|0 0 1: -1 01 

2R +R >[1 0 -5 1-20 

2R -R 9/0 1 0:-2 -I > 

oo | -1 0 1 

5R +R, ә [1 0 -4 -2 5 
0 1 -2 4 2/=[7 : 41| 

[00 1: «1 0 1 


So, the matrix A is invertable and its inverse is 
A'z[-4 -2 5 

-2 -1 2|. 

-1 0 1 


Confirm this result by multiplying 44"! to obtain 7. 
Check: 


. For the matrix A, apply the formula for the inverse ofa 2 x 2 matrix to obtain 


ad — be = (5)(4) – (-1)(3) = 23 


Because this quantity is not zero, the matrix is invertible. The inverse is formed by interchanging the entries on the 


main diagonal, changing the signs of the other two entries, and multiplying by the scalar 2 as follows. 


d -b 
А! = Lem Formula for the inverse of a 2 x 2 matrix 
ad —bc|-c a 
1| 4 1 : : 
= — Substitute for a, b, c, d, and the determinant 
23|-3 5 
As aks 1 
23 23 
- Multiply by th lar —. 
Ee ultiply by Escalan ss 
23 23 
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5. Begin by writing the system in the matrix form AX = B. 


2 з ЇЇ х -1 
3 3 1|у|=| 1 
24 1|\2| |-2 


Then, use Gauss-Jordan elimination to find АТ. 


3-7 1 1 
231 100 тз 141400 
[a:i] =]3 3 1:010 IR э|3 3 1 010 
2 4 13 0 1 241 001 
IK 3 1 1 1 
1 2 7 0 0 
-38, + R > 3-4 3-1 
-2R + Rk; > 1 0 -1 0 1j 
[ 3 1 1 J 
R, > 1 0: 4 1 
3 T. wt 3 
R >|! Эле $ 1 0| 
[ 3 1 1 
0 1 0 -1 0 1 
3 1 3 
gh -R|0 0 -j 3 4.5 
Е 35. Ë xe. i 1 
10: -l 1 
-2R >|0 0 1: 6 -2 -3 
-R +R 7/1 0 1: 2 5 
0 į -l 1 
0 1: 6 -2 -3 
-18) +R эі 0 -1 0| 
-1 0 52555741 
001 6 -2 -3| 
-] 1 0 
A'=/-1 0 1 
| 6 -2 -3 


Finally, multiply B by 47! on the left to obtain the solution. 


-1 1 0-1 2 
X=A'B=|-1 0 1 1) =| -l 

6:-2--3 2 2 
The solution of the system is x = 2, y = -1, and z = -2. 
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Checkpoints for Section 7.4 


1.8):44(4 2125 E S () ас) = |^ ? 
. (a) de 21224 e M с е zi 
= I(-1) - 32) = 5(2) – (-4(0) = 3(4) - (2)(6) 
--1-6 =10+0 = 12-12 
== -7 = 10 = 0 
2. To find the minor М, delete the first row and first 3. The cofactors of the entries in the first row are as 
column of A and evaluate the determinant of the follows. 
resulting matrix. 5 0 
1 2 3 Эр C, = +M P 5(1) - 4(0) = 5 
0-1 5, Mu =| 14 = -1(4) - (5) = -9 3 0 
2 14 Cy = -М = _1 1 = -(3(1) m (-1)(0)) = ae 
Continuing this pattern, you obtain the minors. 3 5 
Сз = +M; = = 3(4) = (—1)(5) =17 
0 5 -1 4 
My = = 0(4) - 2(5) = -10 
24 = 3(5) + 4(-3) + (-2)(17) 
0 -l SS 
Ме -00) - 2(-1) = 2 T 
2 1 So, by the definition of a determinant, you have the 
2 3 following. 
M = = 2(4) - (3) = 5 
1 4 | A| = ACi + арСр + азСз 
1 3 
My = = 1(4) – 2(3) = -2 
а= | 4| =) - 20) 
1 2 
М» = = 11) - 2(2) = -3 
sl, || 710 - 20) 
2 3 
Му = = 2(5) - (-1)(3) = 13 
-1 5 
1 3 
My = = 1(5) – 0(3) = 5 
8514-19-00) 
Mies. | 5 за аа 
3 do aj- = 


Now, to find the cofactors, combine these minors with 
the checker board pattern of signs for a 3 X 3 matrix, 


+ - + 
Low um 
+ - + 
Су = -9 С = 10 Сз = 2 
Cy = -5 Cy = -2 Сз = 3 
C3, = 13 Cy = -5 C4 = -1 
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4. Notice that these are two zeros in the third column. So, you can eliminate some of the work in the expansion 
by using the third column. 


| A| = азСз + азСз + d33C3 + a43C43 
= 46; + 3С; + 0C33 + 0С» 
Because C4, and C4, have zero coefficients, you need only to find the cofactors of Су; and C5,. 
2 -2 6 2 -2 6 
САДЕ s^ GE dr а 
3 1-5 3 1-5 
Expanding by cofactors along the first row yields the following. 
5 1 1 I 1 5 
Ca = (2)\-1 1+1 + (-2)(-1 1+2 + (6\01 1-3 
„= QD eae), +O], 3 


= (2)(1)(-26) + (—2)(—1)(—8) + (9(0(714) 


= -152 
26 2 26 2 
Сз = (l1 5 12-215 1 
3 1 -5 3 1-5 


Expanding by cofactors along the first row yields the following. 


Cs - deor зол | T. cay? 


] -5 


= -((2)(1)(-26) + (6)(—1)(—8) + (2)()(-14)) 


= 32 


1 5 
3 1 


So, 


A| --4С, + 3С» + 0С; + 0C; 
= -4(-152) + 3(32)+ 0 + 0 
= 704. 


Checkpoints for Section 7.5 


1. To begin, find the determinant of the coefficient matrix. 
3 4 
5 3 


-9-20--11 


Because this determinant is not zero, you can apply Cramer's Rule. 


1 4 
D, |9 3| 3-36 -33 
х= 8 = = = = 3 
D —11 —11 —11 
3 1 
р, 5 9 27-5 22 
у= = = = =“ =-2 
D —11 —11 —11 
So, the solution is x = 3 andy = 2. 
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2. To find the determinant of the coefficient matrix, expand along the first row, as follows. 


4 -1 I 
2 23 
5 -2 6 
р= 410) 5 50-01, 1501-0152 = 408) + (0-3) + (0-4) = 55 


Because this determinant is not zero, you can apply Cramer’s Rule. Next, find D,, D,, and D.. 


12 -1 1 
D,=| 1 23 
22 -2 6 
-(21-0:5 450001, 2 50-01, _, 
= (12)(18) + (1)(-60) + (11-46) 
= 110 
4 12 1 
р,-12 13 
5 22 6 
-(90-01,, 45021407, |+]; „ 
= (4)(=60) -(-121-3) + (189) 
= —165 
4 -1 12 
D,-|2 2 1 
5 -2 22 
= @ | 5 ft Coen. 2 502Х-01,-, 
= (4)(46) + (139) + (12)(-14) 
= 55 


Finally, you can determine the values of x, y, and z as follows. 


D, 110 
x = = = — = 2 
D 55 
D, _ -165 
ex FEM = 3 
T D 55 
SDL 
D 55 
So, the solution is x = 2, y = —3, and z = 1. 
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= 0 + 0 + (1)(18) 


= 18 
Using this value, you can conclude that the area of the triangle is 
001 
1 1 : 
Area = 5 4 11|- 589 = 9 square units. 
25 1 
4. у 
6+ 
(72,4) 
e 4 
+++ + + х 
-4 22 L Zaa 6 
-24 (3,-1) 
al (6,-4)@ 


To determine if the points are collinear, let (х, у) = (—2, 4), (x2, у) = (3, —1), and (xs, уз) = (6, —4). Then, evaluate the 


determinant as follows. 


X X» db (2 41 
X2 ya 1 = 3 -] 1 
X3 Уз 1 6 -4 1 

-] 1 3 1 3 -1 
= (—2)(—1)” + (4)(-1) 1)(-1)' 
зе, үн 98406 05001, 7 


= C28) + (-4)(-3) + (1)(—6) 
= 0 


Because the value of this determinant is equal to zero, you can conclude that the three points аге collinear. 
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To find an equation of the line, let (xj, yı) = (—3, ^1) and (x, y2) = (3, 5). 


Applying the determinant formula for the equation of a line produces the following. 


x y 1 
-3 -] 1|20 
3. . 5 l 


To evaluate this determinant, expand by cofactors along the first row. 


ey een, oi = 
(x)(-6) + CXC9 + (112) = o 

-6x + бу – 12 = 

х-у+2 = 


So, an equation passing through the two pointsis x — у + 2 = 0. 


6. To find the image of the square with vertices (0, 0), (2, 0), (0, 2) and (2, 2) after a vertical stretch by a factor of k = 2, 


multiply the vertices matrix by l А 
0 2 


b adel lio 347 8 НЫНЕ ЕНЕНЕ 


(0, 0), (2, 0), (0, 4) and (2, 4). 
. To find the area of the parallelogram with vertices (0, 0), (a, b), (с, d) and (a +c,b+ d), you can use the formula 


b 
Area = det (4) where A = k | If the parallelogram has vertices (0, 0), (5, 5), (2, 4) and (7, 9) then 
c 


a=2,b=4,c =5,andd = 5. 


2 4 
5 5 


= |(2)(5) - (4) 


= |-10| = 10 square units. 


Area = det (4) - 


. Partioning the message (including blank spaces, but ignoring any punctuation) into groups of three produces the following 
uncoded 1 x 3 row matrices. 


[I5 23 12] 19 O у (8 5 0] [I4 15 3] [20 21 18] (14 1 12] 
OWL S A RE NOCTURNAL 
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9. The coded row matrices are obtained by multiplying each of the uncoded row matrices found in Checkpoint Example 6 by the 
matrix A, as follows. 


Uncoded Matrix Encoding Matrix A Coded Matrix 

[I5 23 12] [1 -1 0] - [110 -39 —59] 
1 0 -l 
16 -2 -3| 

[19 o 1] [1 -1 0] = [25 -21 -3] 
1 0 -1 
16 -2 -3| 

18 5 0] [1 -1 0] = [23 -18 -5| 
1 0 -l 
[б -2 -3| 

[I4 15 3] [1-1 0] - [47 -20 -24| 
1 0 -l 
[б -2 -3| 

[20 21 18] [1 -1 0] = [149 -56 -75] 
1 0 -1 
[б -2 -3| 

[14 1 12] [1-1 0] - [87 -38 —37] 
1 0-1 
[б -2 -3| 


So, the crytogram is 110 —39 —59 25 -21-3 23 -18 —5 47 -20 —24 149 —56 —75 87 -38 —37. 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Solutions to Checkpoints 543 


10. First find the decoding matrix 47! using matrix A from the Checkpoint Example 7. 
[4 : Д= [1-1 0:100 
1 0 -1: 0 10 
00 1 


A 
5 
+ 
23-20 
14 
Co = 
dc 
| 
шо о 
| 
ON = 
eu 
=. © 


= 
N 
1 
E 
© 
| 
= 
© 
=m 
© 
= o o WH 


-1 1 1 -1 0 
4R +R >|0 0 1: -2 -4 1| 
1 0 -l 0 10 
-R >|0 1-1: - 10 
00 1i -2 -4 1 
R+R >f1 0 0 į -2 -3 1 
R +R >|0 103 -3 -3 = [riae] 
0 0 1i -2 -4 1 


Partition the message into groups of three to form the coded row matrices. Finally, multiply each coded row matrix 
by 47! (on the right). 


Coded Matrix Decoding Matrix 47! Decoded Matrix 

[110 -39 —59] [-2 -3 1] = [5 23 12] 
-3 -3 1 
1-2 -4 1| 

[25 -21 -3] [-2 -3 1] = [19 0 1] 
3 -3 1 
1-2 4 1| 

[23 -18 —5] [-2 -3 1] = [18 5 0] 
3 -31 
1-2 -4 1 

[47 -20 —24] [-2 -3 1] = [I4 15 3] 
-3 -3 1 
|-2 -4 1| 

[149 -56 —75] [-2 -3 1] = [20 21 18] 
-3 -3 1 
1-2 -4 1| 

[87 -38 —37] [-2 -3 1] = 14 1 12] 
3 -31 
|-2 -4 1 


So, the message is as follows. 
[I5 23 12] [I9 O 1] [18 5 0] [l4 15 3] [20 21 18] [14 1 12] 
O W L S A R E N OC T U R N A L 
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Chapter 8 
Checkpoints for Section 8.1 


1. The first four terms of the sequence given by a, = 2n + lare as follows. 


a = 2(1) +1 23 Ist term 


a = 2(2)+1=5 2nd term 
аз = 2(3)+1=7 3rd term 
а = 2(4) +1=9 4th term 
| 2 + (-1) 
2. The first four terms of the sequence given by a, = —————— are as follows. 
n 
І 
sri = 
а = ШИН гээ, 
1 1 
D-ECSD T 2+1 3 
a = 
2 2 2 
2-(-3 2-1 1 
a3 = = 
3 3 3 
2-(-2) 2-1 3 
ag = 
4 4 4 
3. (a) m: 123 4..n 


Terms: 1 5 9 13...a, 


Apparent pattern: Each term is 3 less than 4 times n, which implies that a, = 4n — 3. 
(b) n: 1 23 4...n 
Terms: 2 —4 6 —8...a, 


Apparent pattern: The absolute value of each term is 2 times n, and the terms have alternating signs, 


with those in the even positions being negative. This implies that a, = (- D 2n. 


4. The first five terms of the sequence are as follows. 


a —-6anda,,, =a +1 

a = 6 Ist term is given. 

а =, =a +1=64+1=7 Use recursion formula. 
а; = а = а +1=74+1=8 Use recursion formula. 
а, = 434, =a, +1=84+1=9 Use recursion formula. 
а; = аад = а +1= 9+1 = 10 Use recursion formula. 


5. The first five terms of the sequence are as follows, 


a =1 Oth term is given. 
а = 3 Ist term is given. 
a = 25 +а у= а ta =14+3=4 Use recursion formula. 
a; = 55 + аз =a +a =3+4=7 Use recursion formula. 
а, = a42 + 441 =a +a, =44+7=11 Use recursion formula. 
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Graphical Solution 


3-1 1+1 2 Using a graphing utility set to dot and sequence modes, enter the 
40 0! 1 sequence. Next, graph the sequence. 
341 341 You can estimate the first five terms of the sequence as follows. 
а 1! 1 3 6 Uy = 2 
? айж “хон 
2 32 +1 9-1 10 5 Use the trace х щ = 4 
2 feature to = 
21 2 2 шив the Mim 3 
s 3 +1 _ 27 +1 _ 28 _ 14 first five terms. ой м=ч.6666667 .| E 4.667 = s 
3! 6 6 3 
41 
3541 81+1 82 4 u4 = 3.417 = — 
ад 12 
4! 24 24 12 
5 Atte (1-2-3 - [1.2237 > (n +1) 
"3! (L-273)(1:2-3—) 
= 4п + 1) 
4 
в. Y (4i + 1) = [4(1) +1] + [42) + 1] + [4(3) +1] + [4(4) + 1] 
i=l 
=5 + 9 + 13 + 17 
= 44 


9. (a) The fourth partial sum is as follows. 
х 55 25 ,5 ,5 
£110 10 102 10 10 
= 0.5 + 0.05 + 0.005 + 0.0005 
= 0.5555 


10. (a) The first three terms of the sequence are as follows. 
0 


(b) The sum of the series is as follows. 


Е ТРЕ Л ЧЕ E 
{10 101 102 10 10* 10° 


= 0.5 + 0.05 + 0.005 + 0.0005 + 0.00005 +. 
0.55555... 
5 


9 


Ay = 1000) 1 12 = $1000 Original deposit 
0.03} . 

A, = 1000 1 + оос $1002.50 First-month balance 
0.03 Y 

A, = 1000/1 + I = $1005.01 Second-month balance. 


(b) The 48th term of the sequence is 


48 
Ад = wor + 88) = $1127.33 


Four-year balance 
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Checkpoints for Section 8.2 


1. The sequence whose nth term is Зи — 1 is arithmetic. 3. You know that ag = 25and aj, = 41. So, you must add 
The first four terms are as follows. the common difference d four times to the eighth term to 
30)-1-22 obtain the 12th term. Therefore, the eighth term and the 
12th terms ofthe sequence are related by 
atsa an = ag + 4d. 
30) -1=8 Using ag = 25and aj; = 41, solve for d. 
Mcd eH ар = а; + 4d 
For this sequence, the common difference between 41 = 25 + 4d 
consecutive terms is 3. 16 = 4d 
2,5,8,11,... 4=d 
5-2-3 
Use the formula for the nth term of an arithmetic 
2. You know that the formula for the nth term is of the form sequence to find а. 


a, = а + (n — 1)d. Because the common difference is a, = а + (n - 1)d 


М Ben dg = а + (8 - 1)(4) 
ave the form ' (74) 


25 = а і 
a, = а + (n – 14 = -1 + 5(n – 1). 


а = Sand the first term is a, = —1, the formula must 


-3 = 4, 


о аса So, the formula for ће nth term of the sequence is 


The sequence therefore has the following form. a, = —3 + (n - 1)(4) = -3 + 4n - 4 = 4n - 7. 
—1, 4,9, 14,..., 5и — 6,... 


The sequence is as follows. 
The figure below shows a graph of the first 15 terms of 


: : . | а 4, а; A4 As Ag 4, Ag ag ав а, 
the sequence. Notice that the points lie оп a line. 


-3 1 5 9 13 17 2125 29 33 37 


a, =5n-6 


70 


4. For this arithmetic sequence, the common difference is 
а = 15 – 7 = 8. 


There are two ways to find the tenth term. One way is to 
write the first ten terms (by repeatedly adding 8). 


7, 15, 23, 31, 39, 47, 55, 63, 71, 79 


So, the tenth term is 79. 


Another way to find the tenth term is to first find a 
formula for the nth term. Because the common 
difference is d = 8and the first termis a, = 7, the 


formula must have the form 
a, = а + (n – )d = 7 + (n - (8). 


Therefore, a formula for the nth term is a, = 8n — 1 


which implies that the tenth term is 
a = 8(10) – 1 = 79. 


5. To begin, notice that the sequence is arithmetic (with a common difference of d = 37 — 40 = —3). 


Moreover, the sequence has 7 terms. So, the sum of the sequence is 


S, = "(а + an) Sum of a finite arithmetic sequence 
= 240 + 22) Substitute 7 for n, 40 for а, and 22 for a,. 
= 217. Simplify. 
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6. (a) The integers from 1 to 35 form an arithmetic sequence that has 35 terms. So, you can use the formula for the sum 
of a finite arithmetic sequence, as follows. 


S, =1424+3+4+...+ 34 + 35 


= EC +a) Sum of a finite arithmetic sequence 

35 Е 
E + 35) Substitute 35 for n, 1 for а, and 35 for a,. 
= 630 Simplify. 


(b) The sum of the integers from 1 to 2N form an arithmetic sequence that has 2N terms. 
S, =1+2+3+...+(2N-1)+2N 


= EC +a) Sum of a finite arithmetic sequence. 
2N А 
= ED + 2N) Substitute 2N for n, 1 for a, and 2N for a,. 
= N(I + 2N) Simplify. 
7. For this arithmetic sequence, a, = бапа 9. The annual sales form an arithmetic sequence in which 
d=12-6=6. a, = 160,000 and d = 20,000. 
So, а, = a + (n z Id -6- 6(n = 1) and the nth So, a, = 160,000 + 20,000(n - 1) and the nth term of 
termis a, = 6n. the sequence is a, = 20,000n + 140,000. 
Therefore, а» = 6(120) = 720, and the sum of the Therefore, the 10th term of the sequence is 
first 120 terms is аш = 20,000(10) + 140,000 
n = 340,000. 
ЫГ E 208 + а) Printing Paper Sales 
= 12006 + 720) 
2 350,000 4 
T e. 
= 60(726) 3 300,000 8” 
Э 250000 Ы \\ 
= 43,560. 40 "t 
, % 200,000 e © [2.720000 + 140,000 
8. For this arithmetic sequence, a, = 78 and ца 
4-176-18--42. [12345618910 


Year 


So, a, = 78 + (-2)(n — 1) and the nth term is 
a, = —2n + 80. 


The sum of the first 10 terms of the sequence is 


n 
Sio = -(а, * aio) 
Therefore, азу = —2(30) + 80 = 20, and the sum of 2 
10 


the first 30 terms is - pu 60,000 + 340,000) 
S30 = EC аР аха) - 5(500,000) 
= 2,500,000. 
0 » D 
= 308 + 20) 
2 So, the total sales for the first 10 years will be 
= 15(98) $2,500,000. 
= 1470. 
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Checkpoints for Section 8.3 


1. The sequence whose nth term is 6(—2)" is geometric. 


For this sequence, the common ratio of consecutive 
terms is —2. 


The first four terms, beginning with n = lare as 
follows. 


a = 6(—2) = 6-2) = -12 
a, = 6(-2y = 6(4) = 24 
a, = 6(-2) = 6(-8) = –48 
a, = 6(-2)' = 6(16) = 96 


So the sequence of terms are 


-12, 24, — 48,96,..., 6(-2)",... 
Меле ui 


E 
-12 


2. Starting with a, = 2,repeatedly multiply by 4 to obtain 
the following. 


a =2 Ist term 
а = 2(4') = 8 2nd term 
a = 2(4°) = 32 3rd term 
a, = 2(4°) = 128 4th term 
а; = X4) = 512  Sthterm 


е е >n 
2 3 T 


3. Algebraic Solution 


Use the formula for the nth term of a geometric sequence. 


a, = qr"! 

aj = 14(12) 
= 14(12)' 
= 104.02 


Numerical Solution 
For this sequence, r = 1.2 and a, = 14. So 
a, = 14(1 аг Use a graphing utility to create a table 


that shows the terms of the sequence. 


The number in 
the 12th row is 
the 12th term of 


пену=194. 9211719] the sequence. 


So, a), = 104.02. 


4. The first few terms of the geometric sequence are 


4, 20, 100, .... You can find the common ratio of this 


geometric sequence by dividing any term by the previous 


termso r = 22 = 5. Because the first term is a, = 4, 


the formula for the nth term of a geometric sequence is 
as follows. 


a, = ay" 
a, -4(5/7 
The 12" term of the sequence is as follows. 


ay = 4(5). = 195,312,500 


5. The fifth term is related to the second term by the 


equation a; = ar’. 


Because a; = 51 and a, = 6, уои can solve for г as 


follows. 

а; = ar? Multiply the second term by r^^. 
51 = 6p Substitute 5 for a; and 6 for ap. 
= 2 Divide each side by 6. 

3 =r Take the cube root of each side. 


You can obtain the eighth term by multiplying the fifth 


term by г. 
dg = йу? Multiply the fifth term by r^^. 
3 
= 81/3) Substitute - for a; and 2 forr 
- 527) Evalutate power. 
= 210. Multiply fractions. 
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10 ; 
6. You have $2(025) ^ = 2(0.25) + 2(0.25) + 200.25)? +... + 2(0.25)’. 
1-1 
Now, а, = 2,r = 0.25,and n = 10, so applying the formula for the sum ofa finite geometric sequence, you obtain 
the following. 


Sum of a finite geometric series 


л 

E 

ll 

5 
ZEN 
ale 
| | 

* 
№ = 
ЧЕК, 


10 i 1 - (0.25)" 
}2(0.25) = 2} ————— Substitute 2 for a,, 0.25 for r, and 10 for n. 


u 
NX 
a 
Ф 
з 


Use a calculator. 


7. (a) У 5005) 


n=0 


5 + 5(0.5) + 5(0.5) +... + 5(0.5)" +... 


= 3 Use а 
1 – 0.5 l-r 


and Subsitute 5 for a, and 0.5 for r. 


EN 
0.5 
10 


(b) To find the common ratio, divide any term by the preceding term. 


So, r = i = 02. 


The sum of the infinite geometric series is as follows. 


5-14 024 0.04 +... = 5(0.2) + 5(0.2)' + 5(0.2)’ + 5(0.2) +... 


1-r 
5 
1-02 

6.25 


8. To find the balance in the account after 48 months, consider each of the 48 deposits separately. 
The first deposit will gain interest for 48 months, and its balance will be 


48 
0.02 
Ag = 701 + — |. 
a = mofi + 22) 
The second deposit will gain interest for 47 months, and its balance will be 
47 
0.02 
Ay = 701 + — |. 
a = {+ 202) 
The last deposit will gain interest for only 1 month, and its balance will be 
1 
A = nfi + e2) : 
12 


The total balance in the annuity will be the sum of the balances of the 48 deposits. 


Using the formula for the sum of a finite geometric sequence, with А = 70(1 .0017) r = 1.0017, and п = 48 you have 


s = А[ =” 
l-r 


Ї 
= $3500.85. 


1- | H | 
12 
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Checkpoints for Section 8.4 


1. (а) Р: Spa = (Fx Tm 1*3 (b Ba:k-14253k-1-1! © Ba: 2? 41> 5(k +1) 
К k +3 < 3k? 235542 L1» 5k + 5 
~ (k + Nk + 4) 22 41> 5k 5 


2. Mathematical induction consists of two distinct parts. 


1. 
2. 


First, you must show that the formula is true when n = 1. When n = 1, the formula is valid, because 5 = 11 + 4) = 5, 


The second part of mathematical induction has two steps. The first step is to assume that the formula is valid for 
some integer k. The second step is to use this assumption to prove that the formula is valid for the next integer, k + 1. 
Assuming that the formula 


Sp =5+74+ 94114... + (2k +3) = K(k + 4) 
is true, you must show that the formula 
Skat = (k + Ik +14 4) 

= (k + Y(k + 5) is true. 


Sp = 54+ 749411 +... (2k + 3) + [2(k +1) +3] 


[5 +7+9+11 +... + (2k + 3] + (2k +2 +3) 
= 5 + 2(k + 5) 

=k(k+4)+ 2k + 5 

=k? +4k+2k +5 

=k? + 6k + 5 

= (К + 1\(k + 5) 


Combining the results of parts (1) and (2), you can conclude by mathematical induction that the formula is valid for all 
integers n 2 1. 


ay 1) = (00 ш we + 1) 2210 


3 


When n = 1, the formula is valid, because 5, = 


Assuming that 5, = 1(1 — 1) + 2(2 — 1) + 33- 1) +... + k(k - 1) = 


oum Ботай. Ren = (К + D(k +1 : (6 +1+1) k(k + xt + 2) 


To do this, write the following. 
S54 = S, + аы 


= 101-1) + 2(2 - 1) + 33-1) +... + k(k -1)] + (k + (t +1-1) — Substitution 


_ КК oe ub k(k + 1) By assumption 
_ Mk Dk ) 3k(k + 1) Combine fractions. 
_ k(k + DIG -1)+ 3] Factor. 
3 
= мэ. Simplify. 


So, S, implies S,,,. 


Combining the results of parts (1) and (2), you can conclude by mathematical induction that the formula is valid for all 
positive integers n. 
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4. 1, For n = land n = 2, the statement is true because 
1! 2 land 2! 2 2. 
2. Assuming that 
k!2k 
You need to show that (k + 1)! > k + 1. For n = Е, you have (k 1)! = (k + 1)k! 2 (k 4 D) k. 
Because (k + 1)! > k +1 forall k > 1,it follows that (k + 1)! 2 k +1. 
Combining the results of parts (1) and (2), you can conclude by mathematical induction that n! 2 n for 
all integers n 2 1. 
5.1. For n = 1, the statement is true because 
3 4 1- 4. 
So, 2 is a factor. 
2. Assuming that 2 is a factor of 3^ + 1, you must show that 2 is a factor of 3**! + 1. 


To do this, write the following. 


ЗЕМ „1 = ЗЕ —3* -3-1 Subtract and add 3*. 
= 34(3-1) + 3* +1 Regroup terms. 
23.243 +1 Simplify. 


Because 2 is a factor of 3^ - 2 and 2 is also a factor of 3^ + 1, it follows that 2 is a factor of 3‘*! + 1. 
Combining the results of parts (1) and (2), you can conclude by mathematical induction that 2 is a factor 
of 3" + 1 for all positive integers n. 


6. Begin by writing the first few sums. 
Sı = 3 = 1(3) 


S,=3+7= 10 = 2(5) 

S =3+7 +11 = 21 = 3(7) 

Sy = 347411415 = 36 = 4(9) 

5; =3+7+11+15 + 19 = 55 = S(11) 


From this sequence, it appears that the formula for the kth sum is 
5 =3+7+11+15 +19 +... + 4k - 1 = k(2k +1). 


To prove the validity of this hypothesis, use mathematical induction. Note that you have already verified the formula 
for n = 1, so begin by assuming that the formula is valid for n = k and trying to show that it is valid for n = k + 1. 


Ska = [B +7 +11 +15 +... + 4k - 1] + 4(k +I -1 
k(2k + 1) + 4k +3 

= 2E +k + 4k +3 

= 2k? + 5k + 3 

= (k + 1)(2k + 3) 

= (k + D[2(k +1) +1] 


So, by mathematical induction, the hypothesis is valid. 
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7. (a) Using the formula for the sum of the first n positive integers, you obtain 
_ 20(20 +1) Е 20(21) 2 
2 2 


20 
Уі =1+2+3 +... + 20 210. 


і=1 

5 5 5 
(D У22 + 3% =у27 + Уз? 

і=1 і=1 і=1 


5 


УА зу? 
i=l 


ї=1 


_ [e + 1)[2(5) + 1 : Е P 


6 
(5X90 (25)(36) 

m ud 

= 2(55) + 3(225) 

= 785 


8. Begin by finding the first and second differences. 
1 2 3 4 5 6 


-2 0 A Q J8 28 
ху Үү V x N { 
NZ SZN 
You know from the second differences that the model is quadratic and has the form a, = an? + bn + c. 


By substituting 1, 2, and 3 for n, you can obtain a system of three linear equations in three variables. 


a, = a(l) + 5) +c = -2 

a, = a(2) + 5(2) +с= 0 

a, = a(3) + 63) +с= 4 
at b+c=-2 


4a+2b+c= 0 
9a+3b+c= 4 


Solving this system using techniques from Chapter 9, you can find the solution to be a = 1,b = -L and с = -2. 


So, the quadratic model is а, = п? — n — 2. 


Checkpoints for Section 8.5 


615! 6151 5-4-3-2-1 


11 |o (11-10-9.8-7)- 6f 10.9.8. 
Хн 1! ¢ JAPA ipd 9s EST _ 


0) 6, =< ш п uoce 


712! И 2! 2: 


«0-8 


(4) isCis = e. -1 


НТ 


=1 
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1 
! e Ч Y t . 
2. (a) 56; = T: ПОВНА y 3 1 1 
215! Z-A- Z-a 102 1 
12-35 53574 
7 7! 7.6 1 4 6 4 1 
(b) ЯЛ. 1 5 10 10 5 | 
PS : 1 6 15 20 15 6 1 
14! 14 | 7 21 35 35 21 7 | 
(c) re ea y n 1 8 28 56 70 56 28 8 1 8throw 


9 36 84 126 126 $84 36 9 1 


o (2. get жээ ee S 


= — =— = 14 C С С C c C С С C C 
1311! 1 9-0 9-1 9-2 9-3 9-4 9-5 9-6 9-7 9-8 9-9 


4. The binomial coefficients from the fourth row of Pascal's Triangle are 1, 4, 6, 4, 1. 


So, the expansion is as follows. 
(x + 2)! = (I)x* + (4)x3(2) + (632 (2?) + (4)x(2°) + (1)(2*) 
= xÍ + 8x? + 24x? + 32x + 16 
5. (а) (у - 2)* = (1)у* - (4›°(2) + (6)y?(2”) - (4)у(2°) + (0^ 
= oy! — 8y? + 24y? – 32y + 16 


(1)(2x)° - (5)(2x)"y + (10(25) y? = (10)(2x)"y* + (5)(2x)y* — (0? 
32x° — 80x^y + 80x°y? — 40x77? + 10xy^ — y? 


ll 


(b) (2x - у) 


Ш 


6. Use the third row of Pascal's Triangle to write the expansion of (5 + yy) = (2° + 5), as follows. 


(2-5) = Qo? + eo») + (з\(›?)(5°) + 015) 
= уб + 15y* + 75y? + 125 
7. (a) Remember that the formula is for the (r + 1)th term, so r is one less than the number of the term you need. 
So, to find the fifth term in this binomial expansion, use r = 4, п = 8, х = a, and y = 2b, as shown. 
Cay" = Сүй (25) = (70)(a*)(2b)* 
= 70(2*)a‘b* 
= 1120a* р^ 
(b) In this case, n = 1l, r = 7, х = За, апі у = —2b. Substitute these values to obtain the following. 
„Cx Ty" = „С (3ay (-25) 
= (330)(81a*)(-128b7) 
= —3,421,440a*b? 
So, the coefficient is —3,421,440. 


Checkpoints for Section 8.6 
1. To solve this problem, count the different ways to obtain a sum of 14 using two numbers from 1 to 8. 


First number: 6 7 8 
Second number: 8 7 6 


So, a sum of 14 can occur in three different ways. 
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. To solve this problem, count the different ways to obtain 
a sum of 14 using two different numbers from 1 to 8. 


First 613 
number: 

Second 8 16 
number: 


So, a sum of 14 can occur in 2 ways. 


. There are three events in this situation. The first event is 
the choice of the first number, the second event is the 
choice of the second number, and the third event is the 
choice of the third number. Because there is a choice of 
30 numbers for each event, it follows that the number 
of different lock combinations is 


30 - 30 - 30 = 27,000. 


. Because the product's catalog number is made up of one 
letter from the English alphabet followed by a five-digit 
number, there are 26 choices for the first digit and 

10 choices for each of the other 5 digits. 


26 10 10 10 10 10 


So, the number of possible catalog numbers is 
26-10-10-10-10-10 = 2,600,000. 


. First position: Any of the four letters 

Second position: Any of the remaining three letters 
Third position: Either of the remaining two letters 
Fourth position: The one remaining letter 


So, the numbers of choices for the four positions are 
as follows. 


Permutations of four letters 


4 3 2 1 
The total number of permutations of the four letters is 
41=4-3-2-1 
= 24. 


. Here are the different possibilities. 
President (first position): Five choices 
Vice-President (second position): Four choices 


Using the Fundamental Counting Principle, multiply 
these two numbers to obtain the following. 


Different orders of offices 


President Vice-President 
5 4 


So, there are 5 - 4 = 20 different ways there can be a 
President and Vice-President. 


7. The word MI TO S I S has seven letters, of which 


there are two I’s, two S’s, and one M, T, and O. So, 
the number of distinguishable ways the letters can be 
written is 


| 01605463: 
LEE NT а Шин 
min! 212! 212f 


. The following subsets represent the different 


combinations of two letters that can be chosen from 
the seven letters. 


{A,B} {B,C} {C,D} {D,E} [EF [rg 
А, Ср {B,D} (cE [pr [EG 

{A, D} {B,E} {C,F} {D,G} 

{A,E} {B,F} [6G] 

{A, Е} В, G} 

{A, б} 


From this list, you can conclude that there are 
21 different ways that two letters can be chosen from 
seven letters. 


. To find the number of three card poker hands, use the 


formula for the number of combinations of 52 elements 
taken three at a time, as follows. 


52! 
(52 — 3)!3! 
52! 
4913! 


_ 52-51-50. 491 
49713! 


5203 = 


_ 52.51. 50 
3.2.1 
= 22,100 
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10. There are С; ways of choosing six girls from a group of ten girls and |5С% ways of choosing boys from a group of 
fifteen boys. By the Fundamental Counting Principle, there are 1,6% · 5С ways of choosing six girls and six boys. 
10! 15! 
41-6! 9!-6! 
= 210 - 5005 
1,051,050 


10C6 > 15% = 


So, there are 1,051,050 12-member swim teams possible. 
Checkpoints for Section 8.7 


1. Because either coin can land heads up or tails up, and the six-sided die can land with a 1 through 6 up. 
So, the sample space is 
S = {HH1, HH2, HH3, HH4, HH5, HH 6 
HT1, HT2, HT3, HT4, HTS, HT6, 
TH, TH2, TH3, TH4, TH 5, TH 6, 
ТТІ, TT2, TT3, ТТА, TT5, TT 6} 


2. (a) Let E = {TTT} and 5 = {HHH, HHT, HTH, HTT, TIT, THT, TTH, THH}. 


The probability of getting three tails is 


(b) Because there are 52 cards in a standard deck of playing cards and there are 13 diamonds, the probability 
of drawing a diamond is 


E 
р(в) = XB) 
п(5) 
228 
52 
MES 
A 
3. Because there are six possible outcomes on each die, use 4. For a standard deck of 52 playing cards, there are 
the Fundamental Counting Principle to conclude that 13 clubs. So, the probability of drawing a club is 
there are 6 - бог 36 different outcomes when you toss n(E) 13 1 
two dice. To find the probability of rolling a total of 5, (E) = (S) 5^4 
you must first count the number of ways in which this 
can occur. For a set consisting of the aces, the sample space is 
4 cards. So, the probability of drawing the ace at hearts is 
First Die | Second Die 
() = 0-1 
1 4 n(S) 4 
2 3 So, the probability of drawing a club from a standard 
deck of cards is the same as drawing the ace of hearts 
3 2 from the set of aces. 
à : 5. The total number of institutions is 4313. 
So, a total of 5 can be rolled in four ways, which means Because there are 606 institutions in the pacific region, 
that the probability of rolling a 5 is the probability is 
n(E 4 1 
P(E) = арама 506 бл, 
(5) 36 9 4313 
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6. To find the number of elements in the sample space, use 
the formula for the number of combinations 
of 43 elements taken five at a time. 


n(S) = Cs 

_ 43. 42-41-40 - 39 

5-4-3-2:1 

= 962,598 
When a player buys one ticket, the probability of 
winning is 
P(E) = : = 0.000001. 

962,598 


7. Because the deck has 4 aces, the probability of drawing 
an ace (event A) is 


P(A) = 2 


B 
Similarly, because the deck has 13 spades, the 
probability of drawing a spade (event B) is 
13 

P(B) = —. 

(8) = —; 
Because one of the cards is an асе and а spade, the ace of 
spades, it follows that 

1 

P(A B) = —. 

( je. 


Spades 


^ 
ga Ja P(A A B) 


Aces 


Finally, applying the formula for the probability of the 
union of two events, the probability of drawing an ace or 
spade is as follows. 


P(A о B) = P(A) + P(B) – P(A ^ B) 


4 13 1 
= — + — — — 
52 52 32 
218.7. cds 
52 13 


8. To begin, add the number of employees to find that the 
total is 529. Next, let event A represent choosing an 
employee with 30-34 years of service, event B with 35- 
39 years of service, event C with 40-44 years of service, 
and event D with 45 or more years of service. 


Because events A, В, C, and D have no outcomes in 
common, these four events are mutually exclusive and 
P(A U B U C U D) = P(A) + P(B) + P(C) + Р(р) 
35 21 8 2 
+ + + 

529 529 529 529 
M 

529 
= 0.125. 


So, the probability of choosing an employee who has 
30 or more years of service is about 0.125. 


9. The probability of selecting a number from 1 to 11 from 
a set of numbers from 1 to 30 is 


11 
P(A) = — 
EET 
So, the probability that both numbers are less than 12 is 
Mi Phe не 2 eaque 
30 30 900 


10. Let event A represent selecting a person who expected 
much ofthe workforce to be automated within 50 years. 
The probability of event A is 0.65 . Each of the 5 
occurrences of event A is independent, so the probability 
that all 5 people expected much of the workforce to be 
automated within 50 years is 


[P(A] = (0.65 = 0.116. 


11. To solve this problem as stated, you would need to find 
the probabilities of having exactly one faulty unit, 
exactly two faulty units, exactly three faulty units, and so 
on. However, using complements, you can find the 
probability that all units are perfect and then subtract this 
value from 1. Because the probability that any given unit 
is perfect is 499/500, the probability that all 300 units are 
perfect is 


300 

P(A) = (=) = 0.548. 
500 

So, the probability that at least one unit is faulty is 

P(A") = 1 — P(A) = 1— 0.548 = 0.452. 
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1. Do not apply radicals term-by-term when adding terms. 


Leave as Vx? + 4. 


2. x(x = 2)? + 6x = 2) = (x - 2) ^ (x - 2)" + Ox - 2)'] 


= (x - 2) "[x + 6x - 12] 


= (x - 2) ^ (Tx - 12) 


3. The expression on the left side of the equation is three times the expression on the right side. To make both sides equal, 


insert a factor of 3. 


бх – 3 1 
; = (3) zx - 1) 
(x? - x + 4) (x? - x + 4) 


4. To write the expression on the left side of the equation in the form given on the right side, first multiply the numerator 


Solutions to Checkpoints 


and denominator of the first term by > Then multiply the numerator and denominator of the second term by = 


2 2 2 2 2 
a _ 9х CES 12) - Хо» 


16 16 (1/9 1 (1/25 16/25 1/25 
-бх 1 -2 
5. = -6x(1 = 3х2) + x 
(-»2y Vx l ) 
xt — 2x3 +5 x" 2x 5 5 
6. (a) 3 кос E H x =x-24 3 
х2-х-5 х? х 5 m 12 ар 
(5) Hm 27 ар $ eT sw ps 


557 
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Chapter P Practice Test Solutions 


i |-42] -20 42-20 22 


6. 0.0000412 = 4.12 x 10> 


15 – |-4] 15-4 п 
2 
7.1255 = (3/125) = (5} = 25 
2 x 2 x y Zz z Xy-z 
аг: cow We ын 8. 3/64х7у? - 4/16 ‚4х°х?у*у = 2ху 2 4х7у 
3 "Aha 2з X3 6 
4. 10(-5) = 10(-125) = -1250 
10. 34/80 — 7/500 = 3(4V/5) -7(10-/5| 
ү 1 1 2 
5. (-4х°)(-2х а) = (-4)( 26) 5) = 12/5 — 70/5 
= 8 a = -58-/5 
16 
"ES 
С 2x 
п. (8x* - 9x? + 2x - 1) - (3x3 + 5x + 4) = 8x4 - 30 - 9x? - 3x - 5 
12. (x-3(à-x-7)2x +x? – 7х – 32 - 3x + 21 = ә? - 2x2 - 10x + 21 
13. ору = (x — 2)? – 2у(х – 2) + у? =x — 4x +4- 2ху + 4y + y? = x? + у? – 2xy - Ax + Ay +4 
14. 16х* –1 = (4x? + 1)(4x? - 1) 15. 6x? + 5х – 4 = (2х — 1)(3х + 4) 
= (4x? + 1)(2х + D(2x - 1 
(4x? + 12x + 1)(2x - 1) 16. х? — 64 = x? — 4 = (x — 4)(х? + 4x + 16) 
79 3 x -3(х2 + 2) + x? -2x-6 2(х? + 3) 
Ox x2 x(x? + 2) x(x? + 2) x(x? + 2) 
x-3 x-9 x-3 x? x 
18. - - ‚х#0,3 
4х x? 4x (x + 3)(x - 3) 4(х + 3) “т 
m l x-1 х-1 х-1 7 
19. х - x _ x 20х Х-1 х-1_ Хэр РТТ 
Ї 1 Ї 1 1 X —1 X -1 X 
1 - (1/x) (x – 1)/х x-1 x-1 
y 2 2 -345 7+(-l) 
20. (a) — (i, gh (b) d = 45-03) +(-1-7) (c) | ia: )- (1, 3) 
e + 
Ew = Vey «C9 
4“, 
fe.» = 4/64 + 64 
-— + ml — uat x = 128 
46-54 52 “уриаг үсчин 
-2 (5-1) = 8/2 
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1. 3х – 5y = 15 
Line 


x-intercept: (5, 0) 


y-intercept: (0, —3) 


2. у=-/9-х 
Domain: (-2, 9] 
x-intercept: (9, 0) 


y-intercept: (0, 3) 


3. 5 +4 = 7x - 8 


4+8 = 7x – 5x 
12 = 2х 
х= 6 
4. Tease +i 
3 


2x = 90 
x = 45 
3x +1 _ 2 
бх —7 5 


3x = -19 
19 
x = -— 
3 


—H3-'«4 


1(0,3) 


(x +1)” 

х2 +2x +1 
-12 

-12 

= 

3 


2 


10. 


11. 


12. 


13. 


Chapter 1 Practice Test Solutions 


1 
A= „(а + b)h 
2A = ah + bh 
2A — bh = ah 
2A — bh 
=a 


. Percent = 224 = 0.07 = 7% 


4300 


. Let x = number of quarters. 


Then 53 — x = number of nickels. 
25x + 5(53 — x) = 605 
20x + 265 = 605 


20x = 340 
x = 17 quarters 
53 — x = 36 nickels 


Let x = amount in the 9196 fund. 


Then 15,000 — x = amount in 11% fund. 
0.095х + 0.11(15,000 — x) = 1582.50 
—0.015x + 1650 = 1582.50 
-0.015х = —67.5 
x = $4500 at 95% 
15,000 — x = $10,500 at 11% 


28 + 5x – 3x? = 0 
(4 - x)(7 + 3x) = 0 


4-x=0>x=4 
7+3x=0> x=- 
(x - 2) = 24 
х-2-45474 
x-2=+42/6 
х= 2+ 24/6 


(x -2y = 13 
х= 2 = +4,/13 
х= 2+ 4/3 


559 
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14. х2 +5x-1=0 
а= 1,Ь = 5, с = -–1 


_ -5 + 4/25 +4 
2 
_ -5 + 4/29 


2 


15. 3х2 2x +4 = 0 
а= 3, Б = 2, с = 4 


С 20) 
2+/4- 48 
à 6 
2t 4-44 
i 6 
2 + 2i ll 
= "fe 
1 ЮЛ _1 Vu, 
3 gg 
16. 60,000 = xy 
60,000 
dim x 


2x + 2y = 1100 


2x + нэн = 1100 
x 


x 
x? + 60,000 = 550x 
x? — 550x + 60,000 = 0 
(x – 150)(x – 400) = 0 
x = 150 or x = 400 
y = 400 y = 150 
Length: 400 feet; width: 150 feet 


y 
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17. 


18. 


19. 


20. 


21. 


22. 


23. 


x(x + 2) = 624 
x? + 2x – 624 = 0 
(x — 24)(x + 26) = 0 


х = 24 or x = —26, (extraneous solution) 


x+2 = 26 

The integers аге 24 and 26. 
x? — 10x? + 24x = 0 

x(x? – 10x + 24) = 0 
x(x — 4)(x — 6) = 0 


— 
E 
N 
| 
A 
IL 
= 
E 
N 
+ 
чә 
мі, 
1 
о 


E 
N 
I 
H- 
N 
E 
ll 
I+ 
© 


4 – 3х > 16 
-3х > 12 


x «-—4 


x—3 
2 
x—3 


« 5 


-5 < <5 


-10<x-3<10 


—7<х<13 


24. RT ы» 
х-3 
x*l 5.0 
х-3 
-1-2(х-3 
mel (v hos 
х-3 
(1 0 
х-3 


Critical numbers: x = 7 andx = 3 
Test intervals: (-өв, 3), (3, 7), (7, со) 


7-х 


Test: Is « 0? 


х = 


Solution intervals: (=, 3) U (7, 2) 


Chapter 2 Practice Test Solutions 


w 
N 
E 
+ 
w 

хо 

ll 
о 


Sox 
Il Il 
| | 

wh шоо 

= 


through (4, 1) 


— 
= 
| 
Az 
= 


Ми 
| 
- 
Il 
Nlw әјә nje nje 
ы ы 
| | 
чл [o 


4. (5, 32) and (9, 44) 
44 — 32 12 
m= = 


pus m ee 
y — 32 = Xx - 5) 
y — 32 = Зх – 15 
у = 3х +17 
When х = 20, у = 3(20) +17 
у = 877. 


5. f(x 3) = (x – 3) - {x – 3) +1 
=x - 6+9 - 25 +6 +1 


= x? — 8x +16 


Chapter 2 Practice Test Solutions 


25. |3x - 4| 29 
3x -4<-9 or 3x -429 
3x € -5 3x 2 13 
x<-3 x2B 
6 f(3 212-1121 
f(x) - f(3) = (4x — 11) -1 
х-3 х-3 
_ 4x —12 
^ x-3 
4х-3 
Чы ЭЭ. ааа 
х-3 


7. f(x) = V36 - x? = Af (6 + х)(6 - x) 
Domain: [- 6, 6] 
Range: [0, 6], because 
(6 + x)(6 — x) 2 0 on this interval. 


8. (а) 6x- 5у +4 = 0 


6x +4. : 
- is a function of x. 


b) x-529 
y = tA/9 - x? is nota function of x. 
(с) у)=х?+6 


y = A x? + 6isa function of x. 


9. Parabola A 
Vertex: (0, -5) 


Intercepts: 


(0, —5), (--/5, 0) 


y-axis symmetry 


561 
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562 Practice Test Solutions 


10. Intercepts: (0, 3), (—3, 0) 13. (a) (g - f)(x) = g(x) - f(x) 
х|-41-31-21-1101112 ‚ке ее 
= 2х°-3х—12 
у|1 0 1 2 314 |5 


€) (x) = /(х)в(х) 
(3х + 7)(22° - 5) 


+> 
ll 


6x? + 14x? — 15x — 35 


14. f(g(x)) = f(2x +3) 
= (2x + 3)? - 2(2x + 3) + 16 


= 4x° +12x +9 - 4x - 6 +16 


= 4x? + 8x +19 


x|-1|-2|-3 15. f(x) = х +7 
у12 |6 |12 -— 
х= у? +7 

х-7 = у) 

J = 
(х) = 4х -7 


16. (а) f(x) = |x = 6| does not have an inverse. Its graph 


does not pass the Horizontal Line Test. 


12. (a) f(x + 2) 84 


Horizontal shift two units to the left 


ELE E Wt Es med (b) f(x) = ax + b, a + 0 does have an inverse. 
И! у= ах+һ 
: x=ay+b 
(b —f(x) + 2 x-b 
Reflection in the x-axis and a vertical shift a й " 
two units upward fy) = х 
н UR т 
21 (c) f(x) = x? — 19 does have an inverse. 
у= ж? – 19 
х= у? – 19 
x +19 = у} 
4/х +19 = у 
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Chapter 3 Practice Test Solutions | 563 


= 1 i 
17. f(x) = 3 E 0x3 2 18. False. The slopes of 3 and = are not negative 
x reciprocals. 
3-4 
“з х 19. True. Let y = (f © gx) Then x = (f © 8) (v). 
3-y Also, 
= ,/——, 0 < 20 
a cr plus CREE 
"T dai f(g(x)) = у 
5 a(x) = 770) 
xy = 3— EP 
y X x=g (f Ч») 
ryty =3 E ф 
у(х? +1) = 3 х = (go fy) 
3 Since x = x, we have (f o в) (y) - (g^ o (2807 
Tr xX +l 
Р 3 20. True. It must pass the Vertical Line Test to be a function 
7) = zac x20 and it must pass the Horizontal Line Test to have an 
inverse. 


Chapter 3 Practice Test Solutions 


1. x-intercepts: (1, 0), (5, 0) i 4. y = +а(х — 2)(3х — 4) where a is any real nonzero 
| number. 


y = £(3x? – 10x + 8) 


y-intercept: (0, 5) 


Vertex: (3, —4) 


mt 5. Leading coefficient: —3 
Degree: 5 (odd) 
Falls to the right. 


2. a = 0.01, b = —90 Rises to the left. 
= _ 5 _ 63 
-b - 90 = 4500 units 6.0-2x 5x° + 4x 
2а 2(0.01) aad) 
3. Vertex (1, 7) opening downward through (2, 5) = x(x? = I(x? 5) 4) 
y = a(x - 17 +7 Standard form = x(x + Dx - I(x + 2x - 2) 
5 хэ0,х-41х 412 
5 = (2-1) +7 
5=а+7 7. f(x) = x(x — 3)(x + 2) 
цайн = x(x? - x - 6) 
y--2(x-1y +7 eacus = Bx 


= -2(x? - 2x +1) +7 


= -2x7 + 4x +5 
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564 Practice Test Solutions 


8. f(x) = х? – 12x 
Intercepts: (0, 0), (+23, 0) 


Rises to the right. 
Falls to the left. 


х|-21-11011 |2 


y | 16] 11 | 0 |-11 | -16 


3x? + 9x? + 20x + 62 
9. x — 3)3x4 +02 — 7x24 2x— 10 


3x4 – 9x3 
9x3 — 7x? 
9x3 – 27x? 
20x? + 2x 
20x? — 60x 
62x — 10 
62x — 186 
176 
DUE Б ш ЖЕЛЕ E 6 
х-3 х-3 


х-2 
10. рити 


x + 252 - x 


2x? — 4x + 2 
5x — 13 
x -11 5x — 13 
= 2 4 
х + 2х – 1 x + 2х – 1 
1. 5 |з 13 0 0 12 -1 


-15 10 -50 250 -1310 


3 =2 10 -50 262 -1311 


5 ү 4 =, 
Зх +13х +12Х-1 ад, ий 410x? = 50x + 262 - BH 
x+5 x+5 
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13. 


14. 


15. 


6 |7 40 -12 15 

42 12 0 

7 2 0 15 
f(-6) = 15 


0 =x —19x – 30 


Possible rational zeros: +1, +2, +3, +5, +6, +10, +15, +30 


0 = (x + 2)(x? - 2x - 15) 
0 = (x + 2)(x + 3)(x — 5) 


Zeros: x 2-2, x = -3,x = 5 
0 = xt + х? – 8x? – 9x – 9 
Possible rational zeros: +1, +3, +9 


1 1 -8 -9 -9 
3 12 12 9 


0 = (x - 3( + 4x? + 4x + 3) 
Possible rational zeros of x? + 4x? + 4x + 3: +1, +3 


-3 


0 = (x - 3(x + 3)(x? + x + 1) 


Use the Quadratic Formula. The zeros of x!-x-4l 


-1 + 43i 
are x = ——————. 
2 
Zeros: 
Va 3H 3.x = ЭМЭ l v3, 
2 2 2 
The real zeros are x = 3 and x = -3. 


0 = 68 — 5x? + 4x - 15 
Possible rational zeros: 


il 3 5 15 1 5 1 5 
+1, +3, +5, +15, +, £2, +5, £D, +1, +5, +1, +3 
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16. 


17. 


0=x- 


Chapter 3 Practice Test Solutions 


20.2 _ 10 
3* + 9x 3 


0 = 3х? — 20x? + 27x – 10 


Possible rational zeros: 


21252: 


1 2 5 10 
+5, +10, +4, +2, +5, +10 


0 = (x 
0 = (x 


– 1)(3x? - 17x + 10) 
- 1)(3х — 2)(x - 5) 


Zeros: x =1,x = 2,х = 5 


3? 


Possible rational zeros: +1, +2, +5, +10 


1 1 3 5 -10 
1 2 5 10 


1 2:5 10 
-2 0 -10 


1 0 5 0 
(x - (x + 2)(x? + 5) 


(x - I(x + DE T КЕЕ - RED 


565 


566 Practice Test Solutions 


-2[x- (3 + )][x - (3 - ò] 
x 2) (x 3) 1 х 3) 1 
-3j(x-3* - Gy] 


х= 2px - 6x + 10] 


18. f(x) = 


= x — 8x? + 22x — 20 


Chapter 4 Practice Test Solutions 


1. Vertical asymptote: x = 0 


Horizontal asymptote: y = i 


x-intercept: (1, 0) 


2. Vertical asymptote: x — 0 
Slant asymptote: y = 3x 


x-intercepts: Е 25 o) 


Мз 


3. y = 8 isa horizontal asymptote since the degree ofthe 


numerator equals the degree of the denominator. There 
are no vertical asymptotes. 


4. x — l isa vertical asymptote. 
4x? –- 2х +7 9 


=4x+2+ 
х-1 х-1 


50 y = 4x + 2 isa slant asymptote. 
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20. 


. f(x) = 


х-5 1 
(2-5) x-5 


Vertical asymptote: x = 5 


Horizontal asymptote: y = 0 


1 
y-intercept: [o -3) 


(x - 0 = 4(5)(y - 0) 


Vertex: (0, 0) 


Focus: (0, 5) 


Directrix: y = —5 


(v - 9 = 4(7)(x - 0) 
у? = 28x 


ll 


~a=12,b5=5,h =k =0, 


c = A144 — 25 = V/119 


Center: (0, 0) 
Foci: (+V119, 0) 


Vertices: (+12, 0) 


. Center: (0, 0) 


c=4,2b=6> Ь = 3, 
а = У/16 +9 = 5 

2 2 

ШИРЭЭ =] 

25 9 


10. a = 12,b = 13,c = 4/144 + 169 = 4/313 
Center: (0, 0) 
Foci: (0, +-V313) 
Vertices: (0, +12) 


у= 4h 
Asymptotes: y = Tx 


11. Center: (0, 0) 


peas ee ep e) 
2 4 
fad rg 
16 4 
12. p- 4 
(x - 6)? = 4(4)(y +1) 
(x — 6)? = 16(y + 1) 


13. 16x? — 96x + 9y? + 36у = —36 


16(x? — 6x +9) + 9(y? + 4у +4) = -36 + 144 + 36 


16(x - 3)? + 9(y + 2)? 


(-3* ty _ 
9 16 


а= 4,b = 3,с= V16 -9 = V7 
Center: (3, —2) 
Foci: (3, —2+ V7) 


Vertices: (3, -2 + 4) OR (3, 2) and (3, -6) 


144 


Chapter 5 Practice Test Solutions 


х-1 _ 1 

2. 3 = зї 
3-1 = 3-1 
x-l=-4 
x=-3 
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14. 


15. 


16. 


Chapter 5. Practice Test Solutions 


Center: (3, 1) 


a=4,2b=2>b5=1 


(-3* (0-1), 
16 1 


Center: (-3, 1) 
: 1 
Vertices: E Ж- 
2 


Foci: 5 x S. 


ЕЕЕ 


1/3 
Asymptotes: у = жү +3)+1=+ 


WIN 


Center: (3, 0) 


a=4,c=7,b = 449 —16 = V33 


2 
у? A (x — 3) ЭР 

16 33 

== 

x -2|-1/|0 1 2 


(x + 3) + 


567 


1 


568 Practice Test Solutions 


10. logy 28 = = 1.5166 


4. g(x) 2e +1 log 28 
og 9 


11. log N = 0.6646 
N = 100696 = 4.62 


g(x) | 114 | 1.37 | 2 | 3.72 | 839 


12. 7 


a 
nt š 
5. (a) A= At " 3 13. ошаш: 
& 22-9>0 
0.0929) 
A- soo р 24 ~ $6543.23 (x + 3)(x – 3) > 0 
= x < 3 огх > 3 
пі 
(b A= "i е 3 14.) 
n 
"i 
4(3) | 
A= soo + 2%) = $6530.25 ? 
Ч 
(c) A = Ре" 1 i | 
А = 500000) ~ $6549.82 E 
-34 
2 _ 1 
i Na In In 
IaH 15. False. 1 + In(x — y) because ——- = log, x. 
log; 2 = 2 E (x - y) p 5 
7 x- 4 = log 2. 16. 53 = 41 
x-4 _ 1 
2 =a x = log; 41 = In4l 223074 
2x-4 = 0-9 
ае 17. x - x? = log; 4 
х= =2 : 
x-x^ |. 1 
8 8 : NE 
8. log, Ab = 4 log; 5 gà 20 
= 2008 8 — log, 25] gopa 
= 1 юв, 23 — log, 52] 0 = х2 -x-2 
= Цз log, 2 — 2 log, 5] 0 = (x + I(x - 2) 
x =-lorx = 2 
= 1[3(0.3562) - 2(0.8271) | 
= -0.1464 


9. 5х 2 шу+ 6: = за? - In Jy +1пг° 


5.6 
- 422): > 0 
Jy 
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18. log; x + log,(x - 3) = 2 
loga| x(x m 3)] E 


x(x-3)22 
х2-3х-4 
x!-3x-4- 
(x + I(x - 4) = 0 
xm 
x = —1 (extraneous) 


x = 4 is the only solution. 


Chapter 6 Practice Test Solutions 


x + =x 
19. ete 24 
3 
e'(e + e™) = 12e* 
е" +1 = 12е" 


2 12 + /144 - 4 
e = 11.9161 ог e = 0.0839 
x = In 11.9161 x = In 0.0839 
x = 2.478 x = —2478 
20. A = Pe" 
12,000 = 6000e°!* 
2 E е0-131 
0.131 = In 2 
In 2 
t = —— 
0.13 


u 


5.3319 years or 5 years 4 months 


Chapter 6 Practice Test Solutions 
l|x + у = 1 2 | х - Зу = 3 >x=3y-3 
3x y = 15 y =3x-15 х2 + бу = 5 
x + (3x -15) 21 (3y – 3) +6y = 5 
4х = 16 9y? -18y +9 + бу = 5 
Е 9y? -12y +4 20 
--3 
* Gy - 2Y = 0 
Solution: (4, —3) 22 
Pg 
x= -l 
Solution: (-1, 2) 
3 x + + z= 6 z=6-x-y 
2x — у 32 = 0 > 2x-y+3(6-x- y) 0 -x 4y = -18 x =18 – 4у 
5x + 2y — z = -3 => 5x+2y-(6-x-y) = -3 6x + 3y = 3 


6(18 – 4y) + Зу = 3 


-21y = -105 


у= 5 
x = 18 – 4y = -2 
z=6-x-y=3 


Solution: (-2, 5, 3) 
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570 Practice Test Solutions 


4. x+y =1105> y-110- x 


xy = 2800 
x(110 — x) = 2800 
0 = x? – 110x + 2800 


0 


(x — 40)(x — 70) 
40 or x = 70 
у=70 y=40 


x 


Solution: The two numbers are 40 and 70. 


Solution: (17, –2) 


5285 Sigg Gees ceu. 
xy = 1500 
x(85 — x) = 1500 
0 = x? – 85x + 1500 
0 = (x - 25)(x — 60) 
х = 25 or x = 60 
y = 60 352225 
Dimensions: 60 ft x 25 ft 
. |2x + 15у = 4 -ш 2х + 15у = 4 
Ln 3y = 23 > 5x - 15у = 115 
7x - 119 
x = 17 
ide X 23 
3 
= -2 


TA ae oe y = 2 19x + 19у = 38 
38x — 19у = 7 => 38x - 19у = 7 
57x = 45 
x = 15 
19 
у = 2-x 
= 38 _ 15 
19 19 
= 23 
19 
op. (15 23 
Solution: (15, 23) 
. | 04x + 0.5у = 0.112 = 0.28% + 0.35у = 0.0784 
0.3x — 0.7y = -0.131 = 0.15х — 0.35y = —0.0655 
0.43x = 0.0129 
0.0129 
= = 0.03 
0.43 
0.112 — 0.4 
i N 
0.5 


10. 


Solution: (0.03, 0.20) 


. Let x = amount in 11% fund and 


y = amount in 13% fund. 


x + у = 17,000 > y = 17,000 – x 


0.11x + 0.13y = 2080 


0.11х + 0.13(17,000 — x) = 2080 
-0.02х = —130 
x = $6500 


at 11% 


y = $10,500 at 13% 


(4, 3), (L 1), (-1, 22), (2, -1) 


Use a calculator. 


= PL DNE: 
у =ах+Ь = 7x = 
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11. 


13. 


14. 


x + у = -2 12. 
2x - y + z= 1 
4y — 3z = -20 
x + y = -2 
3y + z = 15 —2Eq.1 + Eq2 
4y — 3z = -20 
x + y = -2 
у = 22 = -5 Eq.3 + Eq2 
4y — 3z = -20 
x + y = -2 
у - 22 = -5 
52 = 0 —4Eq.2 + Eq.3 
x + y = -2 
y- 22 = —5 
2 = 0 
- 20) = -5 > y = -5 
x + (-5) = -2 x .3 
Solution: (3, —5, 0) 
3x + 2y = z= 5 
бх — у + 52 = 2 
3x + у - z= 5 
-5y + 72 = -8 —2Eq.1 + Eq.2 
stp- psf j 
Tex tas, 78 =1 
уь г zEq.2 
Let a = z. 
Then у = 7а + $, and x + 2(7a H 3 1а = 5 
3,23 
ас 
х = –ѓа +3 
Solution: (-3a + 3, Та + - a) where a is any real number 
y = ax? + bx + с passes through (0, —1), (1, 4), and (2, 13). 
At (0,-1): -1 = a(0 + b(0) -с > c = -1 
At(L4:4-a( +A0)-1 > 5 = a+b > 
At (2, 13): 13 = а(2у + 0(2) -1 => 14 = 4a + 2b > 


So, the equation of the parabola is y = 2x? + 3x — 1. 
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Chapter 6 Practice Test Solutions 571 
4x — y + 52 = 4 
2х y- z= 0 
2x + 4y + 82 = 0 
2x + Ау + 82 = 0 
2x + y = z = 0 Interchange equations. 
4x — y + 52 = 4 
2x + Ау + 82 = 0 
-3y - 92 = 0 —Eq.1 + Eq.2 
-9y — 112 = 4 —2Eq.1 + Eq.3 
2x + 4y + 8z = 0 
-3y - 92 = 0 
162 = 4 —3Eq.2 + Eq.3 
x + 2y 4z = 0 284.1 
y 3z = 0 -iEq2 
ye Sod i Eq3 
ул оу 
i 3 1725 =. -i 
5 2 3 4(1) 0 * 2 


Solution: (-4 -3 1) 


2 44 


5 = a+b 
-7 = -2a - b 
-2 = -a 

= 2 
= 3 
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572 Practice Test Solutions 


15. s = За? + vot + so passes through (1, 12), (2, 5), and (3, 4). 


At (1,12): 12 = la +v +з (а + Ww + 2$ = 24 
At (2, 5): 5 = 2a + 2w +5) 42a + 2w% + % = 
At (3, 4): 4 = 2a + 3vo + sọ (94 + буу + 2s = 8 
a + 2v + 25у = 24 
-29,) = 35 = -43 —2Eq. + Ед2 
-]12w = 165) = -208 —9Eq.1 + Eq.3 
a + 2v + 25у = 24 
—2w = 35 = -43 
259 = 50 —6Eq.2 + Eq.3 
а + 2% 259 = 24 
Vo + 380 - 2 1Eq.2 
s% = 25 lEq3 
So = 25 
vw + $305) = 2 > w = 16 
a+2(-16) + 2(25) = 24 > a = 6 
So, s = 1(6)? — 16t + 25 = 32 – 16 + 25. 
16. х2 +y 29 18. Line through (0,0) and (0,7): x = 0 
1 Line through (0, 0) and (2, 3): 
у= 3x or3x – 2y =0 
Ls Line through (0, 7) and (2, 3): 
y--2xctT7or2x + у = 7 
Inequalities: x 2 0 
3x — 2y & 0 
. +y < 
еа 2x + y 57 
x22 
у> 0 | 
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Chapter 7 Practice Test Solutions | 573 


19. Vertices (0, 0), (0, 7), (6, 0), (3, 5) э 1-2x _ 1-2х _A + В 
y xxx xx-l x x41 


z = 30x + 26y 


1-2x = A(x & 1) +B 
At (0,0): 2 = 0 RA TA PAR 


When x 


6,12 A. 
At (0, 7): z = 182 


When x = -1,3 = -B > В = 3. 
1- 2x _ 1 3 


х2 +x x x+l 


( 
At (6, 0): z = 180 
( 


At (3, 5):2 = 220 


The maximum value of z 


occurs at (3, 5) and is 220. 22. D. = — A + " E 
20. x -ys4 7 бх -17 = A(x- 3) + В 
(х= 2) +y? 24 ill When x = 3,1 = В. 
7 When x = 0,-17 = ЗА + B > А = 6. 


\ 6x – 17 6 1 
7 7 * 2 
(x-3) Uum (x-3) 


Chapter 7 Practice Test Solutions 


: 1-2 4] з. (2x + 3y = 3 
` 3 —5 3x - 2y = 8 
1-2 4 x + у = 1 
—3Ё, + R —|0 ] -3 [2 3 : zn 
28, +R -1(1 0 -2| 3 2: 8 
0 1-3) 1-1 1 
Rfl 1: [| 
3x + Sy = 3 . 
2: 3 2: 8 
2x - y = -ll : 
R2 3: -3 


- +R [1 6: 14 PETIT pis 
2 -1 į -ll г ii " 
1 6: 14 -R <a 1: 5 
-2R + R |0 -13 : -39 - 
| b o4 de -R+R >f 0: 6] 
-4R >|0 13 3] б: 8-5 
-6R +R |i Of -4 - +R; ә |0 0: 0| 
9. 1i 3 
L 2 x=6y=-5 


x=4y=3 Solution: (6, —5) 


Solution: (-4, 3) 
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574 Practice Test Solutions 


4. | x + 3z = -5 
2x + y = 0 
3x +y- 2 = -3 
10 3: -5 
21 0 0 
31 -1: 3 
10 3 : -5] 
-2R +R, |0 1 -6 : 10 
-3R, + R |0 1 -10 : 18| 
[10 3: —5] 
0 1 -6 10 
-R, +R; >|0 0 -4: 8| 
[10 3 5] 
0 1 -6 10 
-iR >|0 0 ^ di -2| 
-3R +R -110 0: I| 
6R; +R, 3/0 1 01-2 
00 1: -2| 


1 20 01012102 
6. ЗА - 5B = 1 | = } 5 7 f(A) = E ! Ж 1; Ң р | | 
Ts ЕИ 


| - 
[2° ЇНЭН: 


-1-4 0 
|-21 2 


8. False. 
(А + B)(4 + 3B) = A(A + 3B) + B(A + 3B) 
А? + ЗАВ + BA + ЗВ? and, in general, AB + ВА. 


ll 
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-3R + R >|! 
2R +R >| 


10. 
BR + R, 
-68, + № 
“Ry + R, 
К + R 
AR, + R 
—R, 
26 
ARE + Ri 
1 
А = |-3 
3 
643 
05 1 
15. 10 0 2 
000 
000 
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1 


{ 


1 


у 


© ON A O 


— N чо COD 


1 2 

|3 
[1 2 
0 -1 
1 0 
0 -I1 
1 0 
0 1 
1 1 
3 6 
6 10 
1-1 
0 3 
0 4 
[1 1 
0 -1 
0 4 
1 0 
0 -1 
о 0 
1 0 
0 1 
0 


N N — CO tA — 


N O _ 


© o N =e 


© ON A 


— © 


© — © © - © © н © 
— © © 


1 
1 <1 
4 -3 
1—1] 
Sp 5 
2 -3 
-1 1] 
e. 1 
3 
Е 
2 
= 6(5) 0 
0 


12. 


13. 


Chapter 7 Practice Test Solutions 


3х + 5у = 1 
1 2 
А = 
а pa 35 2 
5 — 6|- 1 3 -1 


Solution: (—18, 11) 


х+2у = 3 
(b) 
3x + 5y = -2 
dame -27 2 
ain, - 
$ S 


= 24 – (-3) = 27 
3 
59| |1 3 
9 0-- - 
6 2| 115 9 
2 -5 


-(-44) - 5(-6) = 74 


14. Expand along Row 2. 


1 


0 
3 
2 


4 2 


3 
1.5.2: 3 143 

1-20 
-13--11-213 5 1 

5 -1 1 
2 6 1 2 0 1 

0 6 1 


! 
сл 
= 
+ 
N 

Ae 
N 
© 

28 
T 

| 
N 


575 


576 Practice Test Solutions 


071 3 0 1 
16. Area = 7/5 0 = 21) = 7 0 13 
3 9 1 EN 1-1 2| 14 
b Z= 1 = — 
3 goal dd 
x y 1 0 14 
17.2 7 1|=3х-3у+15=0огх-у+5=0 1-10 
21-44 
721.4 33.77 
4 -7 
45.9 19.85| 12,769.747 
11 5 97 20. у= = = 0.1647 
18. x = EN 7214 -291| 77,515.530 
d. 45.9 105.6 
2 5 
Chapter 8 Practice Test Solutions 
2n 4. a, 2234-22 
1. a, = 
(n + 2)! a, = 23 + (-2) = 21 
а= .2.1 a, = 21+ (-2) = 19 
MEE. a, = 19 + (22) = 17 
ECC _4_1 2 = 
а = ae Bg te a; = 17 + (-2) = 15 
20) 6 1 Terms: 23, 21, 19, 17, 15 
аз = = = 
! 
le eee 20 5. а=12,4 = Зуп = 50 
E 2(4) 8 1 i1 
ER а, = а n— 
^ 6 3720 90 DIU 
2(5) 10 | а» = 12 + (50 – 1)3 = 159 
а E - 
^ 7 500 504 
6. a=l 
1111 1 
Terms: —, 2, —, —, — ао = 200 
3° 6 20° 90° 504 
n 
5, = (а + a, 
Хоол n+3 X i ) 
moy 200 


550 = 520 + 200) = 20,100 


6 
3. У (27-1) = 143454749411 = 36 


1-1 


а, = 7(2) = 14 

a, = 7(2) = 28 
a, = 7(2) = 56 
а; = 7(2) = 112 


Terms: 7, 14, 28, 56, 112 
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Chapter 8 Practice Test Solutions 577 


= 17.6879 


3 
10 
1-7) | 4 | 
all—-—r 
1 Е Е ih 1024 | _ 116,050 


59,049 6561 


9. У (0.03) = Y. (0.03), а = 1,r = 0.03 


n=0 n=l 
pee te I a od 
l-r 1 — 0.03 0.97 97 
\(1 + 1) 
10. For n = 1,1 = 
2 
k(k + 1) 


Assume that S, =1+24+3+4+-+-+k = 


k(k + 1) 
Thea Spas x eee tee alpes. dod 


+1 
Thus, by the principle of mathematical induction, 1+2 + 3 + 4 +... + и = шан for ай integers n 2 1. 


11. For n = 4,4! > 2% Assume that k! > 2*. 
Then (k + 1)! = (k + 1)(k!) > (k + 1)2* > 2-2* = 2641 
Thus, by the extended principle of mathematical induction, n! > 2" for all integers n 2 4. 


12 С = ‚Ө; = 715 

3-4 (13 = 4)м 
13. (x +3) = x° + 5x4(3) + 10х2(3) + 1032 (3) + 5x(3)^ + (3)° 
х? + 15х* + 9033 + 270x? + 405x + 243 


Ш 


14. —С;х!(2)° = -25,344x7 18. P2) + Р(3) + P) =4 + 2 + 2. 
SEN 
36 6 
15. P = cs 657,720 
арг P(K,Bl)-4.2-2 
19. P(K, B10) = Z-z = = 


16. 6! = 720 ways 
20. Let A = probability of no faulty units. 


17. Р, = 1320 50 
Ж (4) = (22. = 0.8605 
1000 
P(4) = 1- P(A) = 0.1395 
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578 Solutions to Chapter and Cumulative Tests 


PART II 


Chapter Test Solutions for Chapter P 


12:50:22 6. (а) 322(2:5| = 32442) = 1228 
3 3 
Е T d 1 

Ф) (u – 2) (u -2)? = (u - 2)” = —— 

2. af 83-08 (2-1 =з (и – 2) 
44) |4 4 4 « 

(o x3y? А xy? Ч ax? 

3. (5-x)+0=5-x 3 31 y? 


Additive Identity Property 


7. (a) 924/82 — 34/22? = 182z/2z — 324/22 
3 
4. (a) Ю = 227 1524/22 


Since V 8z appears in the same expression, we may 


(b) 


(c) 


assume that z = 0. It is not necessary to use an 
absolute value when simplifying V 22°. 
(b) (4x39)(x!) = 4(3/5)+03) — 4x145 


(c) 419 - 155206 - 2 3/2у 
v v v 


d esee ld 


8. Standard form: —2x° — xf + 3x3 + 3 


5. (a) 4/5-4/125 = /625 = 25 

м27 _ 49.3. 343. 343 V2 346 
J2 J2 42 42 42 2 
54x10 54 10° 
3x10 — 3 10 


(d) (4.0 x 108)(2.4 x 10?) = (4.0)(2.4) x (1057) 


Degree: 5 


Leading coefficient: —2 


(b) 


(с) =19x«t6° 9, (x? +3) -[3x «(8-32)| = x? «3-3 - 8 + x? 


= 2x? – 3х -5 


= 96x10 10. (x + V5)(x 45) 2x? (V3) x-5 


11. (x + 1)(2x? -3x + 3) = x(2x2) " x( 3x) + x(3) + 1(2x?) " 1( 3x) " 1(3) 


= 2x3 – 3x7 + 3x + 202 – 3x + 3 


= 2х5 -x +3 


y? +8y +16 8y-16 (у +4) Җ(у-2) 4 


12. = Ly #2 
2y - 4 (»-4y X»-2) (y«4p y+4 
x 
3 4 
=1 3 = 
ian ы ВЕ: ES БЕ у а 
x (x - 1) x 
(x - 1)" 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


14. 5x 20 5x 


20 


x-4 16-x х-4 


* (x - 4x * 4) 
5x(x + 4) + 20 
(x ax +4) 


5x? + 20x + 20 


(x - 4(х 4) 


5(x + 2) 


5(x? + 4x + 4) 
(x - 4)(х + 4) 


15. (а) 2x* – 3x3 – 2x? = x! (2x? – 3x - 2) 


= х?(2х +1 


(b) х + 2х2 – 4х - 8 = 0(х + 2 


= (x + 2)'(x - 2) 
16 16 3X4 1634 1634 А 
16. (9) е = е я s > ша 
ї2-2-2--2 ВЕЖА 
l]-w2 lew2 I4w2 
41+ V2) 
13 
= -4(1 + V2] 


17. The domain of ae 
2-х-х 


x such that x # —2, 1. 


5 18 the set of all real numbers 


Chapter Test Solutions for Chapter 1 


1. у= 4- ox A 
No symmetry 
x-intercept: (48, 0) 


y-intercept: (0, 4) 


18. 


19. 


20. 


Chapter 1 Chapter Test Solutions 

P-R-C 

= 15x — (1480 + 6x) 

= 9x — 1480 
When x = 225, 
P = 9(225) — 1480 

= $545. 

А 

(-2, 5)67 


Midpoint: cem 6 256 J = |2, ? 
2 2 2 


Distance: d — Jc - 6) + (5 – oy 
TNNT 
= X89 


Shaded area = Total Area — Unshaded Area 


Shaded Area — 5 (3x + 1)(3х + 1) - 5 (23)(2x) 
1 
73 | (9x? + 6x + 1) – 4x | 
= 1 (se + 6x +1) 
2 
5-3 1 : 
= х + 3x + — square units 
2 2 
y =4- аа ) 


y-axis symmetry 
x-intercepts: (+48, 0) 


y-intercept: (0, 4) 


579 
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580 Solutions to Chapter and Cumulative Tests 


3. y =4-(x-2) 
Parabola; vertex: (2, 4) 1 


No x-axis, y-axis, or origin symmetry 


x-intercepts: (0, 0) and (4, 0) 


0-4-(х-2) 


(2-2) =4 
х-2-12 
х=2 +2 
x=4 or х= 0 


y-intercept: (0, 0) 


4 y-2x-» " 
Origin symmetry 

x-intercepts: (0, 0), (1, 0), (-1, 0) 

02x-x 

0 = х(1 + xy - x) 


х= 0, х = +1 


y-intercept: (0, 0) 


5 y=V5-x 1 7 4(х-1)41х -10 
Domain: х € 5 


No symmetry 


x-intercept: (5, 0) 


y-intercept: (o. 4/5 ) 


6 (x-3 + у? = 9 y 


1 x!-2x-827 
Circle 41 х2 – 2х – 15 = 0 
Center: (3, 0) 24 (x + 3)(х – 5) = 0 
Radius: 3 (60, ,, x=-3 o х= 5 
8 
x-axis symmetry : 
x-intercepts: (0, 0), (6, 0) 
-4+ 
y-intercept: (0, 0) 
| oe ee н ed 

x+2 х-2 

x+2 =й 

х + 2 


1 + —4 => No solution because the variable is divided out. 
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10. 


11. 


12. 


13. 


x'-x-6z20 
(x? = 2e + 3) = 0 
x)»)222x-2tJ2 
y 3-593 
23/5 - 2x +1 =1 
—/2x +1 =1-2./x 
(лох +1) = (1- 242) 
2x +1 =1- 4/х + 4x 
-2x = -4/x 
x = 24/х 
x? = 4x 
х2-4х-0 
x(x- 4) = 0 


x=0 or x=4 


Only x = 4 isa solution to the original equation. 


x = 0 is extraneous. 


[3x - 1| = 

3x -1=7 or 3x -1=-7 
3x = 8 3x = —6 
x=8 x=-2 


3 € 2(x * 4) « 14 
-3 < 2x +8 < 14 
1 


< 2x <6 


14. 


15. 


16. 


17. 


Chapter 1 Chapter Test Solutions 
2 5 
— > 
x x+6 
ОЕ 
x x+6 
2(x + 6) - 5x б 
x(x t 6) 
—3x + 12 0 
x(x + 6) 
-3(x-4 
(x-4) 
x(x + 6) 
Critical numbers: x = 4, x = 0, x 2-6 


Test intervals: (—ee, —6), (—6, 0), (0, 4), (4, =) 


—3(x – 4 
Test: Is «ш > 0? 
х(х + 6) 
Solution set: (-өө,-6) о (0, 4) 
In inequality notation: x < -6 or 0«x«4 


x 
-8-6-4-2 0 2 4 6 


2x? + 5x > 12 
2x? +5x-12>0 
(2x — 3)(x + 4) >0 


Critical numbers: x = 5, x = —4 


Test intervals: (—оо, 4), ( 4, 3), (3 2 


Test: Is (2x — 3)(x + 4) > 0? 
Solution set: (-ee, —4) U (2, 5) 


In inequality notation: x < -4 or x »3 


2 
3 
x) + Hee х 
-5-4-3-2-1 0 1 2 3 
[3x + 5| = 10 
3x+5<-10 or 3x +5210 
3x € -15 3x 25 
x < —5 qm 
3 
4—4—+ -фэ-х 
-6-5-4-3-2-1 0 1 2 
(a) 4/-16 - 2(7 + 2i) = 4i — 14 — 4i 


= -14 

15 + 20i — 3i — 412 
15 + 17i – 4(-1) 

= 19 + 17i 


(b) (5 — i)(3 + 4i) 


581 
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582 Solutions to Chapter and Cumulative Tests 


"Wu EMI LIS 20. $ = 10437? — 231.05: + 1345.5, 12 < £ < 18 
1421 142i 1-2i (ау 9 
_ 8 - 6i : 
1—4? 
_ 8-16: 
1 - 4(-1) ыг 18 
ed: (b) In 2017 (t = 17), $ = $433.9 million. 
5 
8 16. (c) 10.437(17)" — 231.05(17) + 1345.5 = 433.9 
nuc “ae 
5 


The sales were $433.9 million in 2017. 


19. 2х2 – бх +5 


1 
e 
эь 
A 


m 4 
2(2) 277 = 455.9 
ge мын 455.9(3) i 
7 r=3 Жо лын z 4.774 inches 
Л 

6 t ./-4 

x = o———— 
4 

6 + 2i 

x= 
4 
2. 2 


22. (100 km/hrJ(2 hr) + (x km/hr)(1+ hr) = 350 km 


225 4 ix = 350 


4 
3* = 125 


375: 2 3 


23. a + b = 100 = b =100 -a 
Area of ellipse = Area of circle 
zab = я(40) 
a(100 — a) = 1600 


0 = a? — 100a + 1600 
0- (а - 80)(a - 20) 
a = 80 > b = 20 
or 


a=20 > b = 80 


Because a > b, choose a = 80 and b = 20. 
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Chapter 2. Chapter Test Solutions 583 


Chapter Test Solutions for Chapter 2 


І. (72, 5), (1, -7) 3. 5x + 2y = 3 
2y = -5x +3 
y =-3x+3 


(a) Parallel line: 
2 
у-4 = -3(х -0) 
y-A4-2-2x 
у= -2х +4 


(b) Perpendicular line: 


т = 2 
у-4 = Дх -– 0) 
у-4 = 2х 


у= &х+4 


4. f(x) = |x + 2| - 15 
Gy (8 = -9 
(b) f(4)-1 
(с) f(x - 6) = |x- 4| -15 


а 2 
(а) 70) = = = 4 
и т - E 
6. (а) fa) =Z X — the domain of fis 


2x? - x E x(2x - 1) 


all real numbers x such that x # 0, E 


х-5 


2,2 = 05 х= 5 
x x 


(b f(x) = 
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584 Solutions to Chapter and Cumulative Tests 


7. (а) Лх)-10-4/3-х п. f(x) =-x + 2x -1 
3-x20 Relative minimum: (—0.82, —2.09) 
32x 


Relative maximum: (0.82, 0.09) 
x<3 


Domain: All real numbers x such that x < 3 


(b 10-V3-x 202 10 = V3-x 


(0.816, 0.0887) 


10023-x 
x = —97 
(—0.816, —2.089) 
8. f(x) = 2x6 + 5х* - х? 
(a) 04 12. f(x) = —2x* + 5х – 3 
/8-fQ -6-0 , 
й | 3-1 2 
The average rate of change of f from x, = 1 to x; = 3 
ik is —3. 


(b) Increasing on (703 1, 0), (0.31, e») 
Decreasing on (795, —0.3 1), (0, 0.3 1) 
(c) y-axis symmetry = the function is even. 
9. f(x) = 4xV3 - x 
(a) 10 


-10 


(b) Increasing on (~, 2) 


14. h(x) = Ax] ] 


Decreasing on (2, 3) 
(a) The parent function is f (x) - ЇЕ 


(c) The function is neither odd nor even. 
(b) h(x) is a vertical stretch by a factor of 4. 
10. f(x) = |x + 5| 


(c) 1 
(а) ily 104 
+ eo 
6 
ео 
А 
-12 6 ЕЕЕ оз з рх 
ы шо 0 4 

-2 = 

-o 

Р -6- 

(b) Increasing on (-5, ©) eo | 

-104 


Decreasing on (—ee, —5) 


(d) h(x) = 4f(x) 


(c) The function is neither odd nor even. 
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15. h(x) = x +5 +8 
(a) The parent function is f(x) = vx. 


(b) A(x) is a reflection in the x-axis, a left shift of 


5 units, and an upward shift of 8 units. 


(c) у 


f + gx) = (3x? - 7) + (-x? - 4x + 5) 


Chapter 2 Chapter Test Solutions 585 


16. h(x) = 2(x - 5) +3 
(a) The parent function is f(x) =x, 


(b) A(x) is a vertical stretch, a reflection in the x-axis, a 
right shift of 5 units, and an upward shift of 3 units. 
© 31 


-nv kuan 


+ + —+ї + 
eL bh 75. 7 


(d) A(x) = -2f(x - 5) +3 


2x! — 4x - 2 


Tez g)(x) = (3x? 7) ( x? — 4x 5) = 4x? + 4x – 12 


= -3x* — 12? + 22x? + 28x — 35 


(d) e р а 


(-x? — 4x + 5) 


(е) (7° g(x) = f(-x — 4x + 5) = 3(-x? - 4x + 5) =] 
= 3(х* + 8x? + 6x? — 40x + 25) - 7 


= 3x4 + 24x? + 18x? — 120x + 68 


@ (go f\(x) = gB - 7) = -(Gx? - т) 
= -9x4 + 30x? - 16 


4(3x? 7) FS 


f 


g(x) = (x? + 4x 5) = -(x + 5)(x — 1), So, the domain of — is all real numbers x except x = —5 and x = 1. 


8 
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586 Solutions to Chapter and Cumulative Tests 


18. f(x) = - g(x) = VN E 


(a) (+) = be ave = LET 
(6) (f - g)(x) = 12-12287 
© (жд) = Це) = 3 = >” 


fa- yx _ 1 

(d) 11 2 2./х NEP 
_ uh to tX ~x 
Qi dd eO) e E TUA 


(D (g » Px) 45 Эр 2 7 2 = = 


The domain of 2 is all real numbers x such that x > 0. 


8 

19. f(x) = х? +9 21. f(x) = 3х\/х = 3x, > 0 

у= х +9 Because f is one-to-one, f has an inverse. 

x=y+9 y = 3x? 

py -2x-9 x = Зу? 

у = Ге 9 = f^ (x) lx = yi? 

_ |2 _ 2/3 
20. f(x) = |x? -3| +6 (tx) = »x20 
Since f is not one-to-one, f does not have an inverse. а 23 
r9 = (ea 


22. (6, 58) and (10, 78) 


78 — 58 

т = =5 
10-6 

C – 58 = 5(х - 6) 
C = 5x + 28 


When x = 25:C = 5(25) + 28 = $153 


Cumulative Test Solutions for Chapters P—2 


: сан Е Or _ 225 25, 4. (x = 2)? +х-3) = х xx – 30 – 2x? 2x46 
х у уу Уу =x% -x —5x+6 
2. 4/20х2у3 - А/4х2у25у - 2|Ху-/5у Ё 3 2. _ 3(s — 3) — 2(s + 5) 
"x45 5-3 (s + 5)(s — 3) 

3. 4x - [2x + 3(2 - )] = 4x - [2x + 6 – 3x] 35 —9 — 28 — 10 

= 4x - [-x + 6] = (s + 5)(s — 3) 

= 5x - 6 _ 5 – 19 

© (s Sys — 3) 
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6. 36 - (x +1) = [6 + (x +1) [6 - (х +1)] 


= (r+ 15 - x) 


7. x - 5x2 - 6х? = x(1 - 5x - 6x’) 


8. 54? + 16 


2(27х7 + 8) 


= 2((3x)° + 2°) 


x(1 + х)(1 - 6х) 


9. Area = area of rectangle + area of triangle 


A = x(2(x + 1)) + $(2(x + 1))(2x + 1) 


2 


= x(2x + 2) + i(2x + 2)2x + 1) 


= 2x? + 2x + (4x? + 6x + 2) 


= 2x? + 2x + 2x? + 3х +1 


= 4x? + 5x +1 


10. Area = area of rectangle + area of triangle 


A = x(2x 


1) + i(x + I(x 
1) + +(x 


2 


= x(2x 


1) 


I(x + 1) 


= 2x? + x + lx? + 2x +1) 


252 i3 І 
= Ix +х+9х X43 
252 1 
= 2Х +2x + E 

11.ох-3у+12=0 

Line 
x-intercept: (-12, 0) 


y-intercept: (0, 4) 


12. у= x2 -9 


Parabola 


x-intercept: (+3, 0) 


y-intercept: (0, —9) 


Chapters P-2 Сити 


13. у= J4- x 
Domain: x € 4 


x-intercept: (4, 0) 


y-intercept: (0, 2) 


14. 3х – 5 = бх +8 


lative Test Solutions 


15. -(x + 3) = 14(x – 6) 


-15х = -81 
-81 27 
X =— = — 
-15 5 

1 10 


16. = 


—6x = —23 
23 
х= 

6 


17. х2 - 4х +3 = 0 
(х — (х - 3) = 0 
х-1= 0 5 х = 1 


х-3= 0 5 х= 3 


18. -2x? + 4x + 6 


0 
-2(x? - 2x - 3) = 0 
x!-2x-320 
x!-2x23 
x!-2x 4123 

(x -1) = 4 
х-1=+ 

x=1 


587 
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19. 3х2 49x +1=0 22. 127225 
a=3,b=9,c=1 
1 
—x^ = 32 
-9 + 4/92 — 4(3)(1) 2' 
xc 
2(3) x? = 64 
2-9 t V81 - 12 x = +/64 
6 x = +8 
—9 + V69 
DEC с 23. x* «12:0 + 4x? + 48x = 0 
3 69 x(x + 12) + 4x(x + 12) = 0 
жа mme 
26 (x3 + 4x)(x + 12) = 0 
20. 3! + 5x-6=0 x(x? + 4)(x + 12) = 0 
a = 3,b = 5,с = -6 x=0 
-5 + J 5? - 4(3)(-6) х? +4= 05 х = +2] 
mu 26) x +12 = 0 > x = -12 
1-5 + 25 + 72 24. 8х? – 48x? + 72x = 0 
6 
8x(x? – 6x + 9) 20 
ET | ) 
B 6 8x(x - 3) =0 
8x202x20 
21. 2x! = 24 
x-3202x23 
x? = 36 
x = +6 
25. x? + 21 = 13 
x? = -8 
x = af(-8y 
x = 4isan extraneous solution, so there are no real solutions 
26. /x +10 = x - 2 29. |\х+1| 56 
х +10 = х2 – 4х +4 -6 < х+1 < 6 
02x?-5x-6 -7 < x < 5 
0 = (x - 6)(х + 1) E 5 
oe -. 
x=6orx=-l -10-8-6-4-2 02 4 6 8 


Only x = 6 isa solution to the original equation. 30. È " 6x| ын 


x = —l is extraneous. 

5+6x<-3 or 5+6x>3 
_ бх < -8 6x > —2 
27. (х - )| = 8 | | 
х<-—-+ х>—+ 

2(x -1 2-8 or 2(х-1)= 1 3 

x-12-4 х-1-4 33 

—) | m 
ys23 хов 2 -1 0 1 2 


28. |x -12| = 2 


No solution. The absolute value of a number cannot 
be negative. 
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31. 


32. 


36. 


37. 


38. 


39. 


Chapters P-2 Cumulative Test Solutions 589 


5x? +12х+7> 33. (=, 1), (3, 8) 
(5x + 7)(x + 1) 2 = 
Slope= m = : = -1-2 
Critical numbers: x = —2, -1 Зан (-3) 3 
Test intervals: ( оо, 2), ( 3 1), ( 1, eo) 
Test: Is 5х2 + 12x +7 > 0? 
Solution: x < -1,x 2 -1 
=7 
5 
-3 -2 1 0 ` 
=e Sb. >0 ; 
8x? – 2x - 3 xtA 
Because the numerator is negative, the denominator must 
also be negative. 
8x? —2x -3«0 34. f(x) = L 
(2x + 1)(4x - 3) < 0 : 
6) = 6 3 
Key numbers: x = - Lx = 4 (a) ое 
For х = 0, (2x + 1)(4х - 3) < 0. (b) /(2)is undefined because division by zero is 
For x = —1 and x = 1, (2x + 1)(4x – 3) > 0. Widened 
842 5+2 
Solution: (-4, 3) Ge gue (s + 2) – 2 ШИН: 
- 3 
+4 t Jit : 35. It fails the Vertical Line Test. For some values of x there 
2 4 0 1 2 correspond two values of y. 
f(x) -5-4/4-х 
f(-x) =5+./4-(-x) =5+-/4+х # f(x) + -f(x) 
The function is neither even nor odd, and therefore, has no symmetry. 
f(x) = 2:0 - 4x 40. f(x) =x 4, g(x) = 3x + | 
f(x) = ~x} - 4(3) = -(28 - 4x) = -f (x) (a) (f + ex) = f(x) + в(х) 
The function is odd, and therefore, is symmetric with = (x = 4) + (3х + 1) 
respect to the origin. -4х-3 
= © (f= $9) = Ло) - s6) 
= (x -4)-(3 1 
f(x) = (xf +1 = x* +1 = f(x) eis Cary 
= —-2x - 5 
The function is even, and therefore, is symmetric with . | 
respect to the y-axis. (с) (x) = (х) (х) 
= (х — 4)(3х +1 
un" œ- Bx +1) 
= 3x? -llx-4 
(a) r(x) = 14/5 is a vertical shrink by а factor of 1. 
2 (d) ШЕ f(x) х-4 
(b) A(x) = 4/х + 2 is a vertical shift two units upward. g(x) 3x +1 
(c) g(x) = */x + 2 is a horizontal shift two units to Domain: All real numbers x except x = 2 


the left. 
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= /х-1+х? +1 

(b) (/— g(x) = f(x) - g(x) 
= /х-1-х?°—-1 

(с) (x) = f(x)g(x) 

= Xx - ax +1) 
эшхэ/х-144/Х-1 

f _ f(x) x-1 

(d) НЕ g(x) x? +1 


IV 
= 


Domain: all real numbers x such that x 
42. f(x) = 2x’, g(x) = Jx 4 6 
(a) (f © g(x) = f(x + 6) = 2x + 6) 


2x + 12, x 2-6 


(9) (g ° f)(x) = 9(2х?) = J2x? +6 

Domain of /: ай real numbers x 

Domain of g: all real numbers x such that x 2-6 
Domain of f ° g:all real numbers x such that x > —6 


Domain of g ° f: all real numbers x 


. f(x) »2x- - 36,000 
ЦЭГ ыы ed 45. Cost per person: ——— 
o х= | = x — 2 
e u eX ) fi ) | | If three additional people join the group, the cost per 
(9 (g » f)(x) = g(x - 2) = |x - 2| pason is IM 
Domains of f o g,g o f, fand g: all real numbers х LT 
36,000 _ 36,000 
—— = —— + 1000 
44. h(x) = 3x - 4 n n+3 
Because Л is one-to-one, / has an inverse. 36,000(n $ 3) = 36,0007 + 1000n(n a 3) 
y=3x-4 36(n + 3) = 36n + n(n + 3) 
х= 3у – 4 36n + 108 = 36n + n? + Зп 
х+4 = Зу 0 = n? + 3n — 108 
(5+4) = у 0 = (n + 12)(n – 9) 
(х) = ix + 4) Choosing the positive value, ће group has 
n — 9 people. 
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46. Rate = 10 — 0.05(n — 60), n > 60 


(a) Revenue = (number of people)(rate per person) 


R(n) = n[10 — 0.05(n — 60)] 
= 10n — 0.05n(n — 60) 
= 10n — 0.055? + 3n 
= -0.05n? + 13n, n = 60 


The revenue is maximum when n = 130 
passengers. 


Chapter Test Solutions for Chapter 3 


1. (a) (b) 


оо 


a 


-6 -4 


e ee 


1 0 
e N 
+ 


The graph of g is a reflection 
in the x-axis and a vertical shift 
up of four units of the graph of 


yx 


2. f(x) = х2 - 6x «8 
= (x? – 6х+ 9) –1 
з) -1 


== (х — 
Vertex: (3, -1) 


х? -6x+8 = 0 > (x 2х - 4) = 0 > 
x-intercepts: (2, 0), (4, 0) 
0? – 6(0) +8 = 8 
y-intercept: (0, 8) 
3. Vertex: (3, - 6) 
y = a(x - 3) - 6 
Point on the graph: (0, 3) 


3 = (0-3) -6 
9 = 9а > а = 1 


So, у = (x – 3) - 6. 


y 
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47. s(t) = -16? + 36t + 8 


s(2)-s(0 16-8 © 
2-0 2 


4 


The average rate of change in the height of the object 
from f, = Oto t, = 2 seconds is 4 feet per second. 


The graph of g is a horizontal 
shift right + units of the graph of y = x^. 


4. (а) у--д4р + 3х + 5 
A(x? — 60x + 900 – 900) + 5 
= (х - 30) - 900] + 5 
= -l(x – 30) + 50 


Vertex: (30, 50) 


The maximum height is 50 feet. 


(b) The constant term, c — 5, determines the height at 


which the particle started moving. Changing this 
constant results in a vertical translation of the graph, 
and therefore, changes the maximum height. 
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5. h(t) = -46 + 20 


The degree is odd and the leading coefficient is negative. 


The graph rises to the left and falls to the right. 


H> Г 
3 4 5 
7 2/2 0 3 4 -1 
28 8 -10 12 
2 c4 -6 11 
4-2 2 ~ 
ORE; s disc d NN E ON NE E 
x+2 
8. J3 | 2 -5 6 15 
243 6-543 -15 
2 343-5 -5 3 0 
-V3 |2 243-5 -5/3 
-24/3 54/3 
2 -5 0 


209 —5x? — 6x + 15 = (x - V3)(x + V3)(2x - 5) 


кол 


The real zeros of f(x) are x = E43 and x = 


9. g(t) = 2t^ — 3? + 16t – 24 


Possible rational zeros: 


tl, +2, +3, +4, +6, +8, +12, +24, +2, аа 


From the graph, we have / = —2 and t = А 


40 
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11 


x2 


x 
3x + 


6. x? + Ox + 1)3x? + Ox? + 4x =1 


Зх? + Ox? + 3x 


10. h(x) = 3x° + 2x4 – 3x -2 


Possible rational zeros: +1, +2, +1, +2 


From the graph, we have x = +1 and x = =з 
з 
-6 6 
-5 
11. If x = 3i is a zero, sois x = —3i 
f(x) = x(x — 2)(x — 3i)(x + 3i) 


(x? - 2x)(x? + 9) 


x* — 2x0 + 9x? — 18x 


Chapter 3 Chapter Test Solutions 593 


12. If x = 2 + /3i isa zero, so is x -2-4/31 


13. 


14. 


15. 


16. 


F(x) = (x 00 = Dx - (2 - 52] - (2 + 5i] 
= (x? - 2x + I(x - 2) + V3i] (x - 2) - Vi] 
= (x? - 2x + I(x = 2) = (v5) | 
= (x? – 2x + ife - 4x + 4) + 3] 
= (x? - 2x + D? - 4x + 7) 
= xf — бх? + 16x? – 18x + 7 

f(x) = 3x? + 14x? — 7x - 10 


Possible rational zeros: +1, +2, +5, +10, £i 12, =, = 


1|3 14 -7 -10 
à 17 10 


3 17 10 0 
f(x) = (х - 1)(3x? + 17x + 10) 
= (x - 1)(3x + 2)(x + 5) 


The zeros of f(x) are x = —5, x = Е and х = 1. 


f(x) = x* - 9x7 - 22x - 24 


Possible rational zeros: +1, +2, +3, +4, +6, +8, +12, +24 
-2 | 1 0 -9 -22 -24 
-2 4 10 24 


1 2 -5 -12 0 


1 2 3 0 
f(x) = (x + 2)(х - 4)(x? + 2x + 3) 


By the Quadratic Formula the zeros of x^ + 2x + 3 
are x = —1 + 4/21. The zeros of f are: x = 22,4, -1 + J/2i. 


v= des т. ъ= 
24 -4-Л6 A 
=k 32 2 — 
1.5 
v = es 48 = К 
A= kxy b = a8 
a 

500 = k(15)(8) 

500 = (120) 18. Using a graphing utility, y = —227.7t + 8791. 
25 _ р The model fits the data well. 
6 
A= Bry 


6 
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Chapter Test Solutions for Chapter 4 


1. 


. f(x) 


. A(x) = -le= 


3x 
y= 
х +1 
Domain: all real numbers x except x = —1 


Vertical asymptote: x = –1 


Horizontal asymptote: y = 3 


| 3-x -x43 
34x x? +3 


Domain: all real numbers x 


Vertical asymptote: None 


Horizontal asymptote: y = E = –1 
х-4 
Е ог ар 
= х-4 
(x — 4)(x — 5) 
= : x 54 
x-5 


Domain: all real numbers x + 4, 5 


Vertical asymptote: x = 5 


Horizontal asymptote: y = 0 


3 3-x 


х? x 


x-intercepts: (2/3 : 0) 


Vertical asymptote: x = 0 


Horizontal asymptote: y = –1 
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6. f(x) 5 


2 
Бош Fete 2 
x-1 х-1 


y-intercept: (0,-2) 


Vertical asymptote: х = 1 


Slant asymptote: y = x + 1 


х +1 _ Хх +1 


х^ +x-12 (x + 4)(x — 3) 

x-intercept: (-1, 0) 

y-intercept: (n -8| 
12 

Vertical asymptotes: x = -4, x = 3 


Horizontal asymptote: y = 0 


2x? — 5x — 12 
x? - 16 

(2x + 3)(x — 4) 

(x + 4)(x – 4) 

2x +3 


= sx #4 
x+4 


7. /(х) = 


x-intercept: E 0) 


1 3 
y-intercept: | 0, 4 


Vertical asymptote: x — —4 


Horizontal asymptote: y = 2 


_ 2x? +9 
5х2 +9 


8. f(x) 
y-intercept: (0, 1) 


; 2 
Horizontal asymptote: y — - 


Chapter 4 Chapter Test Solutions 


2x30 + 3x? — 8x – 12 


каше х2-х-2 
r5} — ee 
(x — 2)(x + 1) 
=2x+5+ 
x +1 


2x? + 7x + 6 
х +1 


аа т 
х +1 


x-intercept: Е o} (-2, 0) 


y-intercept: (0, 6) 
Vertical asymptote: x = —1 


Slant asymptote: у = 2x + 5 


y 
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D | 
200 
t 2in 


Y 0 20 
HC у — 0 


Minimize A = xy. 
Given: (x — 4)(у - 2) = 36 


EXT 


36 | 2:22. 2x(x + 14) 
х +2|= x| = 
х-4 х-4 


А 


Domain: x » 4 
From the graph of A we see that the minimum occurs when x = 12.49 inches and 


у= 2- + 2 = 6.24 inches. The dimensions are 6.24 inches by 12.49 inches. 


х = 


Note: The exact values are x = 4 + 6/2 and у=2+ 3V2. 


1 
11. (a) A= zd 


2(x — 2) 


In context, we have x > 2 for the domain. 


(b і 


1—4 i» Х 
2 | 2 4 6 8 10 12 


The minimum area occurs at x = 4andis A = 4. 
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Hyperbola 
Center: (0, 0) 


а-1,5-2,с-14/5 
Horizontal transverse axis 


Vertices: (+1, 0) 
Foci: (+V5, 0) 


Asymptotes: y = 42x 


Chapter 4. Chapter Test Solutions 597 


13. 4y? — 5x? = 80 15. x!-y!-10x*4y +4 = 0 
y rL (x? - 10x) + (y? + 4y) = -4 
20 16 


x? — 10x + 25) + (y? +4y +4) =-44+ 25 + 4 
Hyperbola | ) d У 

Сепіег: (0, 0) (x — 5) + (у +2) = 25 
Circle 


а-245,8-4,-6 
Center: (5,-2) 


Vertical transverse axis 


Radius: 5 
Vertices: (o. £245) . 
Foci: (0, +6) 
Asymptotes: y = 8, Doc 
А 
8+ 
: -10+ 
2642. [ 3 4 6820 16. x? – 10х -2y +19 = 0 
: x? – 10x = 2y – 19 
е x? — 10x + 25 = 2y - 19 + 25 
(x -5y = Ay + 3) 
2 Е 
14. у - 4х = 0 Parabola 
у? = 4х Vertex: (5, -3) 
y = 401)х > р =1 : 
Focus: | 5, -— 
Parabola 2 
Vertex: (0, 0) 1 
Focus: (1,0) 6 
5 
y at 
34 
a+ 
14 
b 
+1 X 2 
6 7 -3 
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17. 


18. 


x? + 3y? — 2x + 36y 
(x? m 2x) + 3(y? + 


100 = 0 
12y) = -100 
36) = -100 + 1 + 108 
2 _ 9 
| = 1 


Ellipse 
Center: (1, —6) 


а = 3,Ь = /3,с 6 
Horizontal major axis 
Vertices: (—2, -6), (4, —6) 


Foci: (1 * V6, -6) 


Vertices: (0, 2) and (8, 2) 
Center: (4, 2) 


Horizontal major axis: a — 4 


Minor axis of length 4: 20 = 4 > b = 2 


(-4* (0-2) | 
16 4 


1 


а? =b + с? 
с2 = а? -b =16-4=12 


М12 = 24/3 


с 
Il 


19. Hyperbola 
Vertices: (0, +3) 


Center: (0, 0) 


Vertical transverse axis: a = 3 


3 
Asymptotes: y = шон 
a cu ваб 
b 2 
2 2 
(v= ky (к), 
a b? 
2 2 
X X 
9 4 
20. H 
24 (0, 16) 
6, 14) (6, 14) 


ы 


x^ = 4p(y - 16) 
36 = Ap(14 — 16) 
9 _ 

-3-р 

x? = -18(y — 16) 


When 
y = 0: x? = -18(-16) > x = 17 = 2x = 34 


At ground level, the archway is approximately 34 meters. 
21. a = 3(768800) = 384,400 


b= (767,641) = 383,820.5 


с = 4/384,400? — 383,820.52 


u 


21,099.4 
Least distance (perigee): a — c = 363,300.6 km 
Greatest distance (apogee): a + c = 405,499.4 km 
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Chapter Test Solutions for Chapter 5 


1. 0.75 = 0.410 т. f(x) =1- e» 


2. 3 = 0.032 x -1 -1 |0 


N|= 
= 


f(x) | 0.865 | 0.632 | 0 | -1.718 | —6.389 


. eT = 0.497 


ы 


4. e?! = 22.198 


5. f(x) = 10* 


x J-a- (que |1 


f(x) | 10 | 3.162 | 1 | 0.316 | 0.1 


8. (а) log, 7° = -0.89 


(b 4.6 ће? = 4.6(2) = 92 


9. f(x) = 4 + 106 х 
Domain: (0, =) 


x-intercept: 


4+logx = 0 
logx = –4 
х -1 0 1 2 3 10"2* = 1074 
f(x) 0.005 | —0.028 | -0.167 1 6 x -10^ 
Horizontal asymptote: y = 0 (о, 0) x) 


› Vertical asymptote: x — 0 
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: = - 1 1 
Hist) = Bir) 12. log 35 = Ян - 78 2 = 209 
Domain: x 2 5 n og 
-i : (6 In(6 - 5) = In1 = : 
x-intercept: (6,0) (ш(6 ) 0] 13. log, 0.63 = = ез = 0467 
Vertical asymptote: x — 5 PE 
T log 24 
14. log, 24 = — —— = -11.047 
44 бул log (3/4) 


15. log, 3a* = log, 3 + log; af = log, 3 + 4 log,|a| 


at 16. In x = In( x) -n7 
m 
ны -1-/х-117 
2 y2 _ 
п. f(x) = 1+ In(x + 6) яаг анг 
1 
Domain: (—6, e) = - In x — 1n 7 
x-intercept: 
10x? 2 3 
1+ In(x + 6) = 0 17. 1а —5 = In(10x?) - In y 
J 
Inge eo) = = In 10 + Inx? – In y? 
иг = Inl0 + 2Inx -3Iny 
х+б= е! 
Тээр. 18. log, 13 + log, y = log, 13y 
(-6 + ет, 0) = (-5.632, 0) 4 


19. 4Inx - 4ln y = Inxt - In y* = n= 


Vertical asymptote: x = —6 


2 a 
21. 52 = 5 эў. S ae 
x3 8 e^ 
— 1025 = 5(8 + е“) 
205 = 8 + е“ 
—5х _ 
22. 3e? = 132 197 = e^ 
—5х _ 
e™ = 44 In 197 = 4x 
—5х = In 44 In 197 
ДА x = ——— = 1321 
х = —— = -0757 4 
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24. Inx - ln x? = 


Ex 
3 
у 
хага 
1 
ы|Г- Nie Nie 


1 


x =e? = 0.607 


25. log x + log(x - 15) = 2 
log| x(x - 15)] -22 


x(x —15) = 10 
x'-15x-100-0 
(x 20)(х + 5) = 0 
x-20=0 or x+5=0 
x = 20 x=-5 
The value x = —5 is extraneous. The only solution is 


x = 20. 


26. log(2x — 1) = log(4x - 3) 
2x -12 4x - 3 
2 = 2х 


х= 1 


(0, 2745): 2745 = ae"? — a = 2745 
y = 2745e" 


11,277 = 27452" 
11,277 _ s, 
2745 
nf = 05 
2745 
1, (11,277 
In 
9 | 2745 


(9, 11,277): 


)= 5 = b = 0.1570 


So, y = 2745e^ 9» 


Chapter 5. Chapter Test Solutions 
28. y = ae" 
1, = get! 
2 
l 221778 
2 
1 
[5 = 21.77Ь 
2 
In(1/2 
ь = 2) _ дон 
21.77 
y = ае 8 


When ¢ = 19: y = ae 91509 20,554 


So, 55% will remain after 19 years. 


29. H = 70.228 + 5.104x + 9.222In x, 1 < x < 6 


(a) x Н (ст) 
1 
4 58.720 
1 
3 66.388 
1 75.332 
2 86.828 
3 95.671 
4 103.43 
5 110.59 
6 117.38 
H 
= 120 
$ 110 
2 100 
8 90 
8 во 
& 70 
5 60 
* 50 
2 40 


123 4 5 6 


Age (in years) 
(b) Estimate: 103 
When x = 4, Н = 103.43 cm. 
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Cumulative Test Solutions for Chapters 3—5 


1. Vertex: (-8, 5) з. f(t) = EC Е P(t " 2) 


Point: (-4, –7) 
4% degree polynomial, 
2 
y-k = а(х - h) Falls to the left 
у= 5 = а(х + 8) Falls to the right 
-7 - 5 = a(-4 + 8)? E -1У(-2) =0 
-12 = 16 
3 | ((-1 2021-21 
"X 
1 (-2)-0-г1--2 
y= -4(x +8) +5 
zeros are of even multiplicity 
2. h(x) = —x? + 10x 21 x-intercepts: (1, 0), (—2, 0) 
= -(2 ES 10x) — 21 f(0) = E = 1) (0 + 2y 
= -(x? -10x425-25)-21 _ 7 ots 
= -(x? - с 2 
-— JE y-intercept: (0, —2) 
Parabola A 
Vertex: (5, 4) Ч 


-6 -4 


-(х-5) «4-20 


4-2(x-5y 
+2 = х - 5 
х = 7,3 


Intercepts: (3, 0), (7, 0) 4. g(s) = 57 -3s? 
. g(s) = =? — 35 


1 Cubic 
Falls to the left, 
Rises to the right 


eb 55 – 3x? = 0 
8(8-3)-0 
s = 0 (even multiplicity) 


s — 3 = 0 > s = 3 (odd multiplicity) 


Intercepts: (0, 0), (3, 0) 


y 
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5. f(x) = х? + 2x7 + Ax + 8 3x24 t2 
2x? +1 
= x°(x + 2) + 4(x +2 
Билгээ) 7. 2x? + Ox + 1)6x3 — 4x? + Ox + 0 
_ 2 
= (x + 2)(x +4) бх? + Ox? + Зх 
x+2=0>x=-2 -4Ax? – 3x + 0 
2+4=0 5 х = #21 -4x + Ox - 2 
The zeros of f(x) are —2 and +2i. -3x +2 
бх? — 4x? 3x - 2 
6. = xí Bias 2 Thus, = 3x à 
(Uc цас 23341 2x +1 


xp + 4х – 21) 


хх + 7)(х - 3) 


The zeros of f(x) are 0, —7, and 3. 


8 2/3 0 2 -5 3 
6 12 28 46 


3 6 14 23 49 


4 NA 
Thus, ^2 27 5*+3 _з3з 4 6x? + l4x + 23+ . 
х-2 X2. 


9. g(x) =x + 3x -6 


4 


-6 


x = 1.196 


10. Because 2 + /3i is a zero, so is 2 — J3i. 
f(x) = (х + 5\(х + 2x - (2 + V8) [x - (2 - V3) 
(x? + 7х + 10][(x - 2) - 3i | (e - 2) + V3i| 
(x? + Tx + 10)|(x - 2) +3] 
| 


х2 + 7х 10| х? 4x 4 7) 


= xf + 3х? — 11x? + 9x + 70 


© 2022 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


604 Solutions to Chapter and Cumulative Tests 


П. у= Б 14. f(x) = 1 2х Ш 2х 
16 = k(12) x? +2x-3 (x + 3)(x - 1) 
k= i Domain: All real numbers x such that x z 1, —3 
yz а Intercept: (0,0) 
Vertical asymptotes: x = 1, х = —3 
12. f(x) = EE Horizontal asymptote: y — 0 
x- " 


Domain: all real numbers x except x = 3 
Vertical asymptote: x = 3 


Horizontal asymptote: y = 2 


Intercept: (0, 0) 


х2-4 “(х-2|х42) x-2 


- - ,Xz-2 
x +х-2 (x + 2)(х – 1) waa 


15. f(x) = 


"n Domain: All real numbers x such that x # 1, —2 


x-intercept: (2,0) 


А y-intercept: (0,2) 
B Jide eee ie 


x—5 х-5 


Vertical asymptote: х = 1 


Domain: all real numbers x except x = 5 Horizontal asymptote: y = 1 


Vertical asymptote: x = 5 (There is a hole atx = —2.) 
Slant asymptote: y = 4x + 20 
Intercept: (0, 0) 
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16. 


17. 


21. 


x – 202 – 9х +18  x'(x — 2) – 9(х - 2) 


f(x) = 


x? + 4x 43 


(x + 3)(x + 1) 


х (х - 3)(x + 3)(x - 2) 


(х + 3)(x + 1) 


(x - 9)(x - 2) 


(х + 3)(x + 1) 
„bded 
х +1 


Domain: All real numbers x such that x # —1, —3 


x-intercepts: (2, 0), (3, 0) 
y-intercept: (0, 6) 
Vertical asymptote: x = —1 


Slant asymptote: 


12 
у= х- 6/6) = х-6+ Ry 


Hyperbola 


3 


Chapters 3-5 Cumulative Test Solutions 


18. 


19. 


20. 


(x+3) (44), 
16 25 
Hyperbola 


Center: (3, –4) 


Vertices: (—7, —4), (1, -4) 


Ellipse 
Center: (2, -1) 


Vertices: (2, —4), (2, 2) 


Parabola 
Vertex: (3, -2) > y = a(x - зү -2 


Point: (0,4) > 4 = a(0 - 3)? - 2 


6 = 2 > а = 2 
Equation: уз 2(x -3y =) 
у+2 = 2х - 3)? 
3(y + 2) = (x -3) 
(x - 3) = 3 + 2) 


Vertices: (-1,-5) and (-1, 1) = Center: (-1, -2) = vertical transverse axis anda = 3 


Foci: (-1, -7) апа (1,3) > c = 5 
с? = ак — 25=9+Ь% >b = 16 


(y+2) (x41 


16 


= 1 


Equation: 


605 
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606 Solutions to Chapter and Cumulative Tests 


x logio 17 In 17 
22. f(x) = (2 30. log,, 17 = —9 — = = —4.087 
(x) (3) Eiz 108:0(1/2) In(1/2) 


2-2 
g is a reflection in the x-axis, a reflection in the y-axis, 31. 16 7 3 = In(x? - 25| - Inx4 
and a horizontal shift three units to the right of the graph X 
of f. - In| (x + 5)(х – 5)] - Inx* 


23. f(x) = 2.2" In(x + 5) + (х - 5) - 4Inx, x > 5 
g(x) = —2.2* +4 1 

32. 2Inx - —In(x + 5) = In x? - In/x +5 
g is a reflection in the x-axis, and a vertical shift 2 


four units upward of the graph of f. x? 
= In eas > 0 
24. log 98 ~ 1.991 x+5 
35 (8) iat 33. 6e™ = 72 
. log(2) = —0. 
g 7 e?” =12 
26. Ins/31 = 1.717 2x = In 12 
In 12 
x= = 1.242 
27. In(V30 — 4) = 0.390 
34. 4? + 21 = 30 
28. log; 4.3 = 28043 m43 ооу К 
logio 5 In 5 4.9 
x —5 = log,9 
29. log, 0.149 = 280 0-149 _ 18 0ЛА9.... аан x = 5 + log49 
logio 3 In 3 in 9 
x = 5+ — 
In 4 
x = 6.585 
35. e™ – 13е* + 42 = 0 
(e – 6(e* – 7) = 0 
е - 6 = 0 е = 6 x = In 6 = 1.792 
e-7=0>e 7 = x =1ш7 = 1.946 
36. log, x + log, 5 = 6 38. nv/x 4223 
1 5х = 6 
og, 5x ' iln(x*2)-3 
die In(x + 2) = 6 
26 
x= 6 = 12.8 о 
б ee 
37. In 4х -In2 = 8 х=е'– 2 = 401.429 
а eng 39. Р = 230 + 20x - 0.5x? 
2 
The maximum value of P is 
In 2x = 8 
b 20 20 
— o = = 20. 
кле “5 3a 20.5) 1 
8 
x = ©— = 1490.479 So, $20,000 expenditures in advertising yield a 
2 


maximum profit. 
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40. (a) Area = length - width 


41. А = 25002097305 = $16,302.05 


42. 


Chapters 3-5 Cumulative Test Solutions 


(b) Because a measurement cannot be negative or zero, 
the domain is x > 0. 


(c) 


100 4- 


80 + 


y 


When x = 35, y = 600/35 = 120/7 = 17} meters. 


= 0.1094 


TOE НИГ SES PN ggg 4 
pimppi 


175е" 
= 175e"8) 
= ek 


= 8k 


=k 


0.1094 
175e° 1094 
175e° 1094 


е9-10941 


0.10947 
In 2 


= 6.3 hours to double 


44. 


» 600 43. P = 647.9652? 9?» (t 210 © 2010) 
s Let P = 1200. 
1200 = 647.965е0 0229! 

ед 02291 = 1200 
647.965 

0.02291 = w 1200 ) 

647.965 
тти. | 1200 ]- 26.9 

0.0229 647.965 


The population will reach 1.2 million in 2026. 


_ 1200 
ин 1 + Зет! 
1200 1200 : 
а 0) = - — 300 birds 
@ PO) = T S а 
(b) p(5) = “2501, 570 birds 
1 + Зет! 
1200 
с 800 = ————- 
©) 1 + Зе" 


800(1 + Зе) = 1200 


1+ Зет = 1.5 
Зет! = 0.5 
es = l 

6 


| 

ол | ~ 
ll 

= 
i=] 
ERE 
oO|-— 
uS 


Il 


1 
—5 Ш — | = 9 years 
е) d 
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608 Solutions to Chapter and Cumulative Tests 


Chapter Test Solutions for Chapter 6 


1. + = -9 >x=-y-9 
á » х d 4. dp cdi бузушу 
5x — 8y = 20 2 
2 18 
5(-y — 9) - 8y = 20 2х + 5y = 18 А 
-13y = 65 
4 Solution: (4, 2) 
yess 


x-5=-9>x=-4 


Solution: (-4, —5) 


2. у= x-1 
НӨЖ 


x -1- (x - 1f 


x-123-3x)-3x-1 
0 = х – 3x? + 2x 


0 = x(x - 1)(х - 2) 


Solutions: (3, 0), (2, 5) 


x=0 or x=lorx=2 
жээ)! ys9 y 
Solutions: (0, —1), (1, 0), (2, 1) 


ll 


3 х-у= 45 х= у+4 
а менее M 6. 
0 = у – 2у –- 8 
0 = (y + 2)(у — 4) 
у= 2 ог у= 4 
х= 2 х= 8 
Solutions: (2, –2), (8, 4) 


Solutions: (1, 4) and ~ (0.034, 0.619) 


7. |3x + 4y = -26 Equation 1 
a -5у-11 Equation 2 
Multiply Equation 1 by 5: 15x + 20y = —130 
Multiply Equation 2 by 4: 28x — 20y = 44 


Add the equations to eliminate y: 15x + 20у = -130 
28x — 20у = 44 
43x =  -86 

x = -2 


Back-substitute x = —2 into Equation 1: 3(—2) + 4y = -26 
yes 
Solution: (-2, —5) 
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8. {14x - y = 17 Equation 1 
0.8x + 6y = -10 Equation 2 
Multiply Equation 1 by 6: 8.4x — 6y = 102 
Add this to Equation 2 to eliminate y: 84х - бу = 102 


08х + бу = -10 
9.2x = 92 
x = 10 


Back-substitute x = 10 into Equation 2: 0.8(10) + бу = -10 


6y = -18 
y--3 
Solution: (10, —3) 
9, | x — 2y + 32 = 11 T 2x E ш 2x E _ A, B 
2x - z = 3 "x -x-2 (x 2)(x + 1) x-2 xs] 
3y + z= -8 2x +5 = A(x +1) + B(x - 2) 
x = 2y + 3 = ll Letx = 2:9 = 34 5 4 = 3 
4у == m -19 —2Eq.1 + Eq.2 Let x -3 —3В В -1 
Am RS eg 2x45 E E 
x — 2y + 32 = 11 x-x-2 x-2 x41 
у = 82 = -ll —Eq.3 + Eq.2 
PS 
Зу + z= 3 12. 3x 2x c4 4,8, C 
x^(2 - x) x x 2 —Xx 
x - 2y + 32 = 11 
— Fe 3x? — 2x +4 = Ax(2- x) + В(2 – x) + C? 
257 = 25 ~-3Eq.2+Eq3 хөрөн Oia 2B E cm 
x — 2y + 32 = 11 Let x = 2: 12 = 4C C23 
у = 82 = -ll Le х=: 5 = А+ В+С= А+2 +3 = А = 0 
z= 1  gEq3 32 -20+4 2. 3 
y- 81) = -11 > y = -3 x^ - х) x) 2-x 


x-2(3)-3(0) 21125 x 22 : | 
13. Ž са m xd Э use long division first to create 
Solution: (2, 3,1) oe ox 5 


a proper fraction. 


10. [3x + 2y + z = 17 Equation 1 45 45 A B ё 
| = =—+ + 
-x + y tz = 4 Equation 2 x-x xx-l)x-I) x x-1 x-1 
x — y- > = 3 Equation 3 


x? 5 = A(x + 1)(х — 1) + Bx(x — 1)  Cx(x + 1) 
Interchange Equations 1 and 3. 


Letx = 0:5 = —A A=-5 
Letx = -1:6 = 2B 8-3 
Letx 21:6 2 2C С-3 


x- у - 2 = 3 


x y z= 4 
3x 2y 2 = 17 


x45 | 5 3 3 
x- у - эз = 3 5 х + + 


x - х x х41 x-1 
+ 7 Eq.l-Eq.2 
3x + 2y + z = 17 


Inconsistent 


No solution 
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610 Solutions to Chapter and Cumulative Tests 


4 х2 4 Е х2 4 _A А Вх + С 18. Maximize z = 20x + 12y subject to: 
“х + 2x x(x? + 2) x x42 x20y20 ) 
x! — 4 = A(x? + 2) + (Bx + C)x х + 4y < 32 Е 
3x + 2y < 36 
= Ах? + 2А + Bx? + Сх „=. E 
= (А + By? + €x + 24 i 
Equate the coefficients of like terms: 
1-448,0-0,-4-2А 
So, A = -2,B = 3,C = 0. 
At (0,0) we have z = 0. 
y =g 2, 3х 
rb + Ox X xu» At (0, 8) we have z = 96. 
15. dino ea y At (8, 6) we have z = 232. 
2х-у> At (12, 0) we have z = 240. 
хоё The maximum value, z — 240, occurs at (12, 0). 
The minimum value, z = 0 occurs at (0, 0). 
42-21 $ 


19. Letx = amount of money invested at 4%. 


Let y = amount of money invested at 5.5%. 


16. [y < x? +х+4 У х + у = 50,000 Equation 1 
0.04х + 0.055у 2390 Equation 2 


i—i Multiply Equation 1 by -4: —4x — 4y = –200,000 
Ц 2 
Multiply Equation 2 Бу 100: 4x + 5.5y = 239,000 


-4x — 4y -200,000 
4x + 55у 239,000 
Рр 15у = 39,000 
26,000 


LI 
' 
‘ . . . 
" : Add these two equations to eliminate х: 
" - 1 
! 
LI 
' 


= 
ы 
+ 
bs 
N 
IA 


17. x y 


IV 
N 


yo Back-substitute y = 26,000 into Equation 1: 
x + 26,000 = 50,000 
24,000 


So, $24,000 should be invested at 4% and $26,000 
should be invested at 5.5%. 


| 


x 


20. y = ах? +bx +c 
(0, 6):6 = с 
(-2, 2): 2 = 4a -2b + с 


(3,3): 2 = а + 3b + с 
Solving this system yields: а = -4,b = 1, and с = 6. 


So, у 2-ix! +x + 6. 
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21. Optimize P = 30x + 40y subject to: 

х20,у20 

0.5x + 0.75y < 3750 

2.0х + 1.5y < 8950 

0.5x + 0.5у < 2650 

At (0, 0): P = 0 

At (0, 5000): P = $200,000 

At (900, 4400): P = $203,000 
( 
( 


At (2000, 3300): P = $192,000 

At (4475, 0): P = $134,250 

The manufacturer should produce 900 units of Model I and produce any 
of 4400 units of Model II to realize an optimal profit of $203,000. 


Chapter Test Solutions for Chapter 7 


1. [1-1 5] 2. 10-1 2 
6 2 3 - 1 1-3 
E -3| 11-1 I 
[1 -1 51 3.2 3 4 
-6R, + №  |0 -27 10-1 2] 
-5R +R; > (0 -28 R +R ә |0 1 0-1 
ma 5 -R +R > |0 1 0-1 
0 8 -27 -3R +R, > |0 2 0 -2| 
-R, +R; > 10 0 -=l [1 0 -1 2] 
И Р : 0 1 -1 
ав, э |0 1 -2 -8 +R; > 100 0 0 
pet hee | -2R +R, > |0 0 0 0| 
R +R > 11 0 Z 
0 1 21 
0 0 1 


| 
Ч «Їл 
БЖ 
+ + 
23-20 
LJ 
=. © 

ы 
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612 Solutions to Chapter and Cumulative Tests 


3 4 3 2 14 
-l -l1 2: -5 
[3 1-4 8 
3R +R, Of 1 0 4: -1l 
-l -l 2: -5 
з 1 4: 8| 
[1.0 4: =i 
R+R 7/0 -1 6: -6 
-3R + R [0 1 -16 : 11| 
1 0 4: -I] 
0 -l 6: -6 
R +R; >|0 0 -10: 5| 
[10 4: l 
-R, > 1 —6 6 
-tR > | 0 1 = 
AR +R >l1 0 1| 
6R; + R > 1 3 
0 0 1: 


Solution: (1, 3, -i) 


М e P е 3 371 Й 
exe 39 Х3 8 9) 
ys 1 2 п Р, 


5 
(d BC [s 02 -1 4 
1 


© 

a 
| 

w 


(C32) + 0) (-51-1) + (16) (-514) + (-1)(-3) 
_[0 -5 20 
12101-1 ed 


(e) C? is not possible. 
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Chapter 7 Chapter Test Solutions 613 
a b d -b 7. |-4x + 3y = 6 

5. A= ; А = нээн 4 
c d ad —bc|-c a 5x — 2y = 24 


PENIS 


ad — be = (-4)(-2) - (3)(5) = -7 à pa 386) [2 Z]pe [o 
228 »| L5 -2] 24| |5 41124] [8 
a LENA 
7|—5 -4 5 4 Solution: (12, 18) 
ae 
6 4 
-2 4 6:100 Silaa F FOUA SAE 
1 0:010 
20 :00 1 5 3 
2 8| _ (SM6 3 Is = 
-2 4-6: 1 0 le $ (900 - (C3)C9 = 3-3 = 0 
RA Bos = owes 1 
2R + R >| 6 7 : 2 0 1 10. Expand along Column 3. 
= шы rego anie cpi E 223777: 
=% ets ak ЕА fa a o= 2 EN A 207) +9 = 4 
87-47 2 0 1 ES 
-2R qr 0 1: 2 2 32] Ix + бу = 9 7 6 
ath E п. Y = = —65 
El 1i- 1-1 -2x = lly = 49 -2 -11 
6R + №, 5| 0 -1i-4 6 -5| 85-10 
1 0 1: 3-2 2 -49 -11 195 
2 x= = -3 
-R, > -1 ES —65 —65 
-R; > 0 1 4 -6 5} de x9 
R +R [3 0 35 Meses Bum e 
ad 72 С á —65 —65 
R+R >| 0 5-7 6 | 
Solution: (—3, 5) 
0 0 1 4 -6 
5 
-5 4 3 
А =| 5 7 6 
4 —6 5 
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614 Solutions to Chapter and Cumulative Tests 


6x — y + 22 = -4 6 -1 2 
12. 42x + 3y - z = 10 р-1- 3 -1|= -12 
4x — 4y + z = -18 4 -4 1 
-4 -1 2 
10 3 -1 
-18 -4 1 
x= кре 2 
-12 -12 
6 -4 2 
-2 10-1 
4 -18 1 - 
y 20-48 — 4 
-12 -12 
6 -1 -4 
-2 3 10 
4 -4 -18 -72 
z= = =6 
-12 -12 
Solution: (-2, 4, 6) 
-5 0 1 
zoa — | = 
13. A = -5| 4 4 l= -4(-14) = 7 
3.2: 1 
K N 01111415 115 -41 -59 
C K -|3 11 0111-1 0 14 -3 -ll 
14.0 N -|15 14 0/1 0 -l} =] 29 -15 -14 
W О О|23 15 156 -2 -3 128 -53 -60 
D - -|4 0 0 4 -4 0 


Message: [11 14 15], [3 11 0], [15 14 0], [23 15 15],[4 0 0] 
Encoded Message: 115 —41 -59 14 -3 -11 29 -15 -14 128 -53 -60 4 -4 0 


15. Let x = amount of 60% solution and y = amount of 20% solution. 
х + у = 100 y =100-x 
0.60x + 0.20y = 0.50(100) = бх + 2y = 500 


By substitution, 
6x + 2(100 — x) = 500 
бх + 200 – 2x = 500 
4x = 300 
75 
y = 100 – x = 25. 


x 


75 liters of 60% solution and 25 liters of 20% solution 
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Chapter Test Solutions for Chapter 8 


а, = 


1° 27 


37475227 
n+2 


n! 


3. 8 + 214+ 34 + 47 +... 


as 


4. 45 


а 


60, dg = 73, а; 
57 = 8 + 21+ 34 + 47 + 60 + 73 + 86 = 329 


= 45, а = 24 
= as + 74 

= 45 + 74 

= 74 

=d 

= а; — 4d 

= 45 – 4(-3) 
= 57 

= а + (n – 1)d 
= 57 + (п – 1)(-3) 
= —3n + 60 


Chapter 8 Chapter Test Solutions 


a, = 14, а = 224 


dg = ar 
224 = 14r4 
16 = ғ“ 
2=r 
a = ar 
14 = a(2) 
7-24 
a, = 7(2)"" 
or 
=] u215-l 
Tinyn 
= 20) 


ое +3) - 22+) 5 
508000) + 50(5) 


ll 
оо 
С^ 

— 
© 
© 


Me 
=> 
ы 
= 
| 
-4 
= 
T 
2 
N 
M- 
E 
| 
Me 
-4 


615 
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616 Solutions to Chapter and Cumulative Tests 


5п(п + 1) 
2 


10. 5 + 10 +15 +... + 5и = 


When n = 1,8, = 5 = 300) so the formula is valid. 


Assume that 


Sk(k + 1) 


Sp =54+104+154+-+:-4+5k = , then 


Sia = Sk apu 
- ee) ) + 5(k + 1) 
Sk(k +1) 10(k + 1) 
2 Ч 2 
_ Sk(k + 1) + 10(k + 1) 
2 
5(k + 1)(k + 2) 
2 
(к + Y 1) +1] 
> ; 


So, the formula is valid for all integers n 2 1. 
п. (x + бу) = xt + 4Cx°(6y) + 4 Cox? (буу + «Съх(6у)' + 4С,(бу? 
= xt + 24x)?y  216x2y? + 864xy? + 1296y* 
12. 5 Row of Pascal's Triangle: 1 5 10 10 5 1and 3" Row of Pascal’s Triangle: 1 3 3 1 
3(x - 2) + A(x - 2) = [04 + (5*(-2) (10 (2)  (10)x* (72) + (5)x(-2)" + (1)( 2) | 
к (0? (8 1-2) + (3)х(-2)* (0-2) | 
2 


- 3(x° 10x4 + 40x? — 80x? + 80x - | 4(x3 6x? + 12x 8) 


= Зх? — 30x* + 124x? — 264x? + 288x — 128 


13. „C, x" y" = 7C,(3a)"(-2b) 16. (26)(10)(10)(10) = 26,000 distinct license plates 


= 3Х81а“1-89) 17. (1) - (3)(2)- (5)(4)(3)(2)(1) =720 seating arrangements 


413 
= —22,680a b owner bow remaining 
seats seats 


So, the coefficient of atb? is —22,680. 
18. 2 = i = 0.0667 


9! 300 
14. (a) №, = 7 -72 
1 1 1 
70! 19. = 
(b) Р, = eT 328,440 зС, 27,405 
B 20. P(E’) = 1- P(E) 
15. (4) 4C, = am 330 = 1 – 0.90 


= 0.10 or 10% 
(b) «C, сад = 720,720 
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Cumulative Test Solutions for Chapters 6—8 


y-23-x X + Зу — 2z = -7 
1. = 
Xy-2)2x-1223-»-2)2x-1 4x + ME eA 
4x + y + z= 3 
21-х2)-х-1 
x + 3y = 22 = -7 
22x-— 
Жош Ty - Sz = -19  2Eq.1« Eq2 
0- 2x! +x -3 -ily + 92 = 31  -4Eq.1-* Ваз 
0 = (2x + 3(x – 1) БЭР зу — 2ш = 7 
3 
= -= = 1 = 19 
* g Ok * y +2 5 +Eq.2 
у=& y=2 -lly + 9z = 31 
I ЖЕ Ша Win yS 
Solutions: (-3. 3) (1, 2) x dz = 3Eq.2 + Eq.1 
20119 
D a 28 таз чш: 
ГМ сад Pola хойг се, 8: = 8 — |Eq2- Eq3 
2x + 4y = -10 => -6x – 12у = 30 
ша i 1225-0485 
-2х - 6 N 
x=-3>y=-l JU pt ы 
= 1 243 
Solution: (-3,-1) 2 454 
х = 1  -lEq3-4 Eq.l 
кб NEUE бл y 2-2 3Eq3 + Eq2 
3. x - 2y + 2z = 5 
z= 1 
х= Зу = ж = 13 
Interchange equations. Solution: (1, 2, 1) 
x — 2y + 2z = 5 Eq 
x+y = 200 > y = 200 -x 
-2x + 4y - z = -16 Eq.2 
0.75х + 1.25у = 0.95(200) 
x- Зу - z= 13 Eq3 
0.75x + 1.25(200 — x) = 190 
x — 2у + 22 5 
0.75х + 250 — 1.25x = 190 
3z = -6 2891 + Eq2 
3 8 Eq1 + Eq3 zou 
-y = 3z = —Eq. q. 
x = 120 
From Equation 2, z = —2. Substituting this into y = 200-x = 80 


Equation 3 yields y = —2. Using these in Equation 1 
120 pounds of $0.75 seed and 80 pounds of $1.25 seed. 


yields x = 5. 
Solution: (5, —2, -2) 6. у = ах? + х + с 
(0, 6): 6 = a(0) + 5(0) +c = с = 6 
(2,3): 3 = a(2) + b(2) +6 = 4a + 2b = -3 


2a+ b=-3 


(4, 2): 2 = a(4)’ + b(4) + 6 2 16a + 4b = -4 


4a+ b=-l 
Solving the system: 
2a +b = -2 | 
2 yields a = Талд b = -2. 
4a+b=-l 


So, the equation of the parabola is y = ae — 2x + 6. 
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10. 


Solutions to Chapter and Cumulative Tests 


2x! -x-6 A 


, Bx 4 


tC 


x(x? + 2) x 


2x? - x - 6 = A(x? + 2) + x(Bx + C) 
= Ax? +24 4 
= (4+ B)x? + €x + 24 


F2 


+ Bx? + Cx 


24=-6 > A = -3 


C=- 


А+В=2 5 В= 5 


2x? -х-6 | 3 


5x -1 


x(x? + 2) x 


41 * 
a 5 
1 ` 2 
x 4 
-3-2-1 | 1 434 261 
-2 ‘ е 
. 
=3 Р (2 _ 20 
F 077977 
, 1 
-5+ е 
p 1 
-6# 1 
е х 
ОТ ` 
e -8+ A 


Objective function: 
Subject to: x + 4y < 


2х + у 


Minimum of 2 = 0 at (0, 0) 


х2 +2 


Maximum of z = 20 at (4, 4) 


п. (x + 2y - z= 9 
2x — y + 22 = -9 
3x + 3y = 45 = T 


-1 
12. 2 
3 


bo 
КЫ 
+ 
28 
l 
ho | 


| 
I+ ч! 

SU a 
14 
о о 


-R+R >f 1 


Solution: (2, 3, —1) 


In Exercises 13-18, 


-1 3 -2 5 4 
A= ‚В = and C = 
l 6 i l 0 4 » 


14. 24-58 


2 -1 
з 0 

9 -7 : 34 

2 1: -9 
3 0: 3 
0-7: 7 

2 1 -9| 
1 0 3 
0 1 -1| 
0 1 -3| 
1 0: 3 
0 1 -1| 
0 0: -2] 
1 0: 3 
0 1: -j 


! 
ы 
м 
+ 

T 

Дэ 
бо 


ott J 


Il 


-2 6 
12 4 


E 


8 -19 
012 9 
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15. 


16. 


17. 


18. 


19. 


20. 


Chapters 6-8 Cumulative Test Solutions 619 


Га зра о 1) [AOE (000) + (2) (40) + 0Х-01|, Г 6 -4 
1с = | |: 2 45: (6)(0) + Q0) (90) + (2)(-1) J-l | 


CB not possible. The number of columns of C is not equal to the number of rows of B. 


2 [=1 3]2 3| | CYC) + 66 (-10) + (3)(2) |19. 3 
i -| | 4 pa + Qe (6)(3) + | p Ч 


шиэ Das 


— 
ы 
| 
— 
= 
© 
© 


12-1 1 0 0 
-3R +R > |0 1 -7 ee wo 
5R +R > |0 3 -20 5 0 l| 
dm +R > [1 0 B go o 
01-7 - 1 0 
SR +R > |0 0 d 14 -3 1| 
-13R +R э [1 0 cce -175 37 -13 
7R +R => 01 0 95 -20 7 
oo 3 14 3 1| 
[1i 2 a“ [—175 37 -13 
з 7 -10| =| 95 -20 7 
|-5 -7 -15 l4 -3 1 
Expand along Row 1. 
71 0 
-2 4-1 -7 j- Ё х = 7(28) — 1(-7) = 203 
cis um 8 5 3-5 
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1 
21. To produce a reflection in the x-axis, use the matrix l 


b abl- loo 


0 . . [0/10/13/43 
and multiply by each vertex matrix 51:55:56 : 
-1 21151121 |5 


| 
+ + 


Гыл ыы | 
or 
| 
ке о 
| ee | 
aep: 
N ш 
Ll m 
ll 
= 
= = 
шо = 
MA 
To 
~ Y! 
=, 
= © 
N N 
ЇЕ... 
ll 
| 
Nw 
LLLI 


22. Let x — total sales of gym shoes (in millions), 
y = total sales of jogging shoes (in millions), 
z — total sales of walking shoes (in millions). 
0.079 0.064 0.0291|х| | 479.88 
0.050 0.060 0.020||y| = | 365.88 
0.103 0.159 0.085|1|2 | 1248.89 


1 


x [0.079 0.064 0.029] | 479.88 2539 
y|-|0.050 0.060 0.020 365.88 | = |2362 
z| 10403 0.159 0.085| |1248.89 4418 


So, sales for each type of shoe amounted to: 
Gym shoes: $2539 million 

Jogging shoes: $2362 million 

Walking shoes: $4418 million 


8x —3y = -52 8-3 5х + 4у + 32 = 7 5.4 3 
23. , D= = 49 
3x + 5y = 5 3 5 24. Зх – 8y + 7z = 9, D =|-3 -8 7|= 752 
25-23 7x = 5y - 62 = -53 7 -5 -6 
5 5 —245 7 4 3 
x= = = —5 
49 49 -9 -8 
8 —52 53 -5 -6 2256 3 
Yes 2 
3 5 196 752 752 
y= - =4 
49 49 5 ух 53 
Solution: (—5,4) 3 9 7 
7 -53 -6 3008 
y= = =4 
752 752 
5 4 7 
-3 -8 -9 
7 -5 -53 1504 
z= = =2 
752 752 


Solution: (-3, 4, 2) 
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-2 3 1 29. (a a = 20.6 
25. А= $1 1 5 1| -1(-18)- 9 ay = 30.2 
4 11 dg = а + 3d 
30.2 = 20.6 + 3d 
-1 nel T 
26. ЭРЭ: 9.6 - 34 
2n +3 32=d 
а = : а» = a + lld = 302 + 11(3.2) = 65.4 
1 (b) a = a, — 5d 
a) =—— 
PW a, = 20.6 — 5(3.2) 
iE 5 - 46 
1 a, = a, + (n – l)d 
ESO = 4.6 + (n - 1)(3.2) 
1 = 3.2п +14 
а; = — 
13 А 
30. а, = 3(2- 
! 3! 4! 5 6! 
т. 23456 pex 
45678 
а = 6 
1 
шанг a, = 12 
n+3 
d4 = 24 
28. 6,18, 30, 42, ... as = 48 
a, = 12п – 6 2 j E 
c 1 c 1 1 
a, = 6, а = 186 31. $19 = $19 
= U0 fo 110/410 
Sis = 10(6 + 186) = 1536 à 
z 1 
4 
i=0 10 
ЛӘ ч) 190 
1 l 9 9 
10 
32. 1. When n = 2, 3! = 6 and 2? = 4, thus 3!> 2’. 
2. Assume 
(k +1)! > 25k > 2. 
Then, we need to show that (k + 2)! > 257. 
(k + 2) = (k Dk + 2) > 2*(2) since k + 2 > 2. 
Thus, (k + 2)! > 257. 
Therefore, by mathematical induction, the formula is valid for all integers n such Шал > 2. 
33. (w - 9)! = wt + (Суу(-9) + (Суу (-9У + (Су (-9) + (-9) 
= w^ — 36w  486w? — 2916w + 6561 
14! 14! 8! 8! 
34. мВ = c = 2184 36. gC4 = ————— = — = 70 
(14-3)! 11 (8 – 4)41 4M! 
25! 25! 11! 11! 
35. Р, = ——— = — = 600 37. Со = = = — = 462 
(25-2) 23! (11 — 6)!6! 56! 


621 
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38. BASKETBALL 
10! 


—— — — — = 453,600 distinguishable permutations 
2121211111! 


39. ANTARCTICA 


! 
e = 151,200 distinguishable permutations 
3121211111 

40. l = L = 0.022 
iC; 45 


41. The first digit is 4 or 5, so the probability of picking it correctly is b Then there are two numbers left for the second digit so 


its probability is also 2 If these two are correct, then the third digit must be the remaining number. The probability of winning 
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